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ABSTRACT 


One of the significant problems of this 
"information age" is the production of vast amounts of 
information in a form that is neither convenient ion 
cost effective. This information is most often 
produced and distributed on paper and the resultanw 
effort in production, distribution and retrieval is 
herculean. A possible solution to this, is the new 
optical laser technology and its use in the storages 
retrieval of large amounts of information. Through 
use of this technology in the non-classified areas of 
the Department of Defense the effort in all three@arae 
can be greatly reduced and the end user can become more 
Ct Leven. In many areas of DOD, the greatest beneie 
would be the regained space and weight associated with 
the distribution of the manuals and other typicame 
paper products on a Compact Disc - Read Only Memory 
(CD-ROM). One CD-ROM weighs less than an ounce and is 
capable of storing over 270,000 pages of text. The 
saved shipping and handling costs alone would be 
astronomically reduced not to mention the end User ewig 
would have a more effective and efficient product. The 
CD-ROM is designed to work as a peripheral device stom, 
microcomputer and can therefore be made available to 


any user with an IBM compatible microcomputer] ine 


application/demonstration portion of this thesis took 
over 2 million database records, from the Transaction 
Ledger On Disc (TLOD), at the Naval Supply Center (NSC) 
in Oakland and pressed them to a single CD-ROM. The 
menu driven retrieval software with indexing on 3 
criteria was also provided. teas (evendenu. that Ooplical 
laser discs, principally in the form of CD-ROM, are 
more than just an innovative technology, indeed, they 
have an important part in the future of the U.S. Navy, 
of the Department of Defense, and all of our nation. 
The storage and retrieval of information is to be 


Gramatically effected by this technology. 
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ie INTRODUCTION / BACKGROUND 


A. GENERAL 

Tie waht ovema ton vac eetIss Upon) Us iiwas reper ted 
miatein 1985 the number of pages of printouts exceeded 
2,000 for every man, woman, and child in America. 
[Ref. 1] What will we do, especially in the military, 
to meet this new era with the resources at hand? We 
cannot afford to be left behind, whether by technology 
Sretecnniques. some contemporaries have described it 
as an information explosion, and yet, an explosion is a 
sungular, albeit powerful, event. The ground swell of 
this event is better described as a snowball rolled 
trom the peak of the highest mountain. As it tumbles 
downward, it continues to increase it’s momentum as it 
picks up more snow and velocity along it’s path. From 
Mies vantage point, the slope is infinite, and although 
nemer Obstacles may be met along the way, it will 


continue on and on. 


B. OBJECTIVE 
The objective of this thesis is actually three- 
fold. Pia elemeulTeme) technological capabilities in 


the area of optical laser research, as they apply to 
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mass storage of information, will be addressed. 
Secondly, the suitability for such technelliea® 
especially in the military environment “aa 
addressed. Finally, an application will be discussed 
followed by a description of a prototype implementation 
which serves as a demonstration of this techno lec. 
The decision toe, user ccnp acr Disc!-Read Only Memory 
(CD-ROM) for the application phase of the study was 
driven by a number of factors which all pointed to CD- 
ROM. some of these factors were applicability, comcue 
time-frame, availability of proven hardware, and the 


presence of an established standard. 


C2 RESEARCH MET RODOL GG y 

The methodology involved in this research beeaw 
with emersion in the literature (most of which resided 
in magazines and other periodicals) in an attempt to 
grasp the technology. such a task is a Veryere_ae 
attempt to separate fact from fantasy and genuine, 


available hardware from "vaporware". This endeavor was 


1 There is wide disparity as to the spellingee. 
the word, “disc. ~ Gr | aici It is customarily Speltee 
with a "c" in the entertainment industry and with a "Kk" 
in the computer industry; with one imperiang 
exception--the optical disc arena of computers witere 
the "c" alternative is most commonly used. Tas ) ee 
convention will be used throughout this thesis when 
referring to optical discs of any sort, anG@etiew se 
when referring to magnetic computer media. 


EZ 


not without cost and a sponsor was sought. The 
pUrechasewol alsCD-ROM disc drive, associated hardware 
and software and the cost of the services to index and 
master the discs, were the major costs. Naval Supply 
Systems Command in Washington, D.C. identified a need, 
a prototype application and provided support funding 
mor this preogecr. fhe hardware was purchased and the 
complicated process of data formatting and transfer to 
disc was accomplished. The actual object of the 
resultant demonstration was a portion of an extremely 
large database consisting of over 3 gigabytes (gbytes) 
of information composed of over 12 million total 
mecords. The prototype application dealt with 
approximately 360 Mbytes and slightly more than 2 
million records. Although a single CD-ROM can hold up 
momoc0 NB, the total quantity of actual data held on a 
disc is often much less due to the indexing 
meoaudrementse  cOphlsticated indexing schemes can even 
require more space than the data itself. An example of 
Bhis is Grolier Electronic Encyclopedia which requires 
60 MB to accommodate the actual text of the 
encyclopedia and 50 MB to accommodate the sophisticated 
index. (See Figure 1) 

ime desired result of the research was to free up 
the two large Transaction Ledger On Disc (TLOD) disc 


packs each containing approximately 540 Mbytes of data 
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and the associated mainframe computer and backup 
equipment. As an additional benefit the permanence and 
read only characteristics would also permit the 
elimination of the redundancy which now exists at all 
Naval Supply Centers. At times, during the data’s life 
it resides in up to 5 places simultaneously: paper, 
1/2" magnetic tape, microfiche, primary disk pack and 
backup disk pack (for the key files which 


simultaneously reside on 2 TANDEM 4104’s). 
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Il. CURRENT TECHNOLOGY / APPORGAeeNs 


What is it about optical systems that make them so 
special? Unlike magnetic products, the optical laser 
system stores data as submicroscopic pits or spots in 
the reflective surface of a vdiece In order to réadaiie 
disc, a low-power laser, shining a pinpoint of light 
less than one millionth of an inch wide, bounces off 
the pattern of shiny and dull patches whiten is) aa 
turn, converted into a digital signal of ones and 
zeros, and read by an optical head of an optical disc 
drive. (See Figure 2) Presently there are three 
distinct categories of optical-recording products: 
prerecorded, write-once and erasable. (See Figure 3) 

Of the three, only the prerecorded and the wri te=cenee 
have truly entered the publ] lem@denaine Optical- 
recording is accomplished by means of a higher-power 
laser, which forms small pits in the reflective suviage 
of an optical disc. A pit is a microscopic depression 
in the reflective surface of a CD-ROM. A typical pit 
is approximately the size of a bacterium: 0.5 by e2a8 
microns (millionths of a meter). A pit represents data 
from 2 to many bits depending on the length, or run, of 


the pit. The raised and reflective surface between 2 
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Figure 2. Optical Head Of A CD-ROM Drive 


OPTICAL STORAGE - METHODS AND VARIETIES 
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Figure 3. Optical Storage--Methods And Varieties 


ie 


adjacent nonreflective pits is called a lanmd@and Gam 
also vary in its representation of data from 2 to meee 
ses. In CD-ROM coding, a binary one is represented by 
the transition from pit to land and land to pit, anmume 
or more zeros are represented by the distance betwee 
transitions. (See Figure 4) The resultant series 
lands and grooves are ultimately interpreted as oGnewe 
and zero’s and thus a wide variety of digitally encoded 
information can be stored on disc. When "reading" ag 
optical disc, a low-power laser, senses, the presence 
or absence of the lands and grooves by means of 
reflected light energy. The small laser beamnguccata 
read back data is reflected from the Pandey. 
Scatvered DY whew pics. 

Of the prerecorded discs, the CD-ROM is the wne—s 
common and draws heavily on it’s predecessor, the CD-— 
Audio Disc, for format, wide acceptance, ang 
manufacturing facilities. The recordings Stceri. 2 
spiral groove approximately 3 miles long with a 
capacity of 540 MB. The tracking is maintained Viawaa 
constant linear velocity (CLV) technique which requires 
variation of the disc rotation speed bascdiieumee:— 
distance of the read head form the center Of} eas 
The prerecorded disc is 4.72 inches in diameter and 
it’s uses are primarily in the aréaveteaae tae 


distribution and permanent archival of vast amounts of 
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Figure 4. The Conversion From Pits To Bytes 
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YrEecordas. The other type of prerecorded Optica leaieaeae 
the Optical Read Only Memory (OROM) which is slightly 
larger than the CD-ROM. The OROM discs are generally 
5.24 inches in diameter and may be formatted with 
either concentric or spiral tracks. Although the 
capacity of the discs is very similar, OROM 1s of Gem 
operated in a constant angular velocity (CAV) mode, 
thus allowing for faster access times. The typical 5 
1/4" floppy disc used the CAV technique. Also, OROM 
may be two sided. The predominance of the CD-ROM is 
most probably due to its similarity to the large CD- 
Audio market, and the fact that CD-ROM is the only form 
of optical-recording that, as of this writing, has an 
established standard. The OROM is not expected to make 
a significant impact in the near future and indeed may 
be subsumed by the more dominant forms of optical- 
recording. OROM will therefore not be further 
addressed in this paper. 

Of the two types of recordable discs, the WORM 
generally uses the CAV technique and the erasable disc 
technology is currently experimenting with both 
techniques without a clear winner yet identified. Some 
of the varying physical characteristics can be seen in 


the following table. 
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(Aveo EP HrolCAL CHARACTERISTICS COMPARISON OF 
OPTICAL MEDIA 





CD-ROM WORM ERASABLE 
DRAW 
OD? 
S LAE: Bic LZ Sioa J! UNKNOWN 
Orecaor 
Ss" 
Le 
eat 
ere; CAV: CLV CAV (predominant ) UNKNOWN 
SIDED: ONE CAN BE TWO CAN BE TWO 


A. CD-ROM (COMPACT DISC - READ ONLY MEMORY ) 

some call it “the marriage of the century", and we 
watch the union of optical storage devices with 
microcomputers. Chp-NReomM is the partner in this marriage 
that promises an effective means of preserving material 
and information needed for archival, immense storage 
capacity, and the easy and relatively fast access and 
retrieval of that material. This, combined with the 
demonstrated power of today’s microcomputer and its 
capabilities allows the retrieval to be accomplished 
marouch an often extremely sophisticated series of 
Statements and Boolean options. Omce pacer teved.. Ehie 
manipulation of the data and the rapid transfer to 


other mediums is a simple task. 


ea 


The first real application aimed at the ayer 
consumer was the Grolier Encyclopedia which was 
produced in 1985 and sold with the CD-ROM reader for 
$995. The encyclopedia is therefore pure textual 
information and contains no graphics. The actual 
textual information comprises approximately 60 Mbytes 
of storage space on the disc while the indexing ang 
file schemes for retrieval use approximately 50 Mbytes 
of data, leaving over 430 Mbytes of space on the disc. 
[Ref. 2] (See Figure 1) One of the unique cost savings 
opportunities is the mastering of such discs in 
conjunction with another company and their application 
and simply restricting access Dy a password mastereqma. 
part of the specific application or contained on the 5 
1/4" floppy disk used as file access software with the 
CD-ROM. 

The future key to user appreciation and purchase of 
software is anticipated to be graphics applications 
that can now be mastered to CD-ROMs as well as text. 
Generally, text is stored in ASCI1 tormat la ieee 
graphics bit-mapped or raster scanned for storage as 
digital information. Some graphics also use thesvecra. 
Logic techniguc. In addition, many companies have 
implemented highly sophisticated compression algorithms 
which greatly increase storage capability. Beyona@en- 


integration of text and graphics is Compact Disc 


are 


Interactive (CDI) where the resulting mixture of text, 
Color praphtees, amimation, and audio can be achieved. 
iis tCechnomory Mm in the formative stages, however it 
marecertoinWmone wenat will appeal to many applications, 
ewoccialilvyeecaucatmon and training. With current 
compression techniques, up to 2 hours of true color 
video has been placed on a CD-ROM. 

"DeLorme Mapping Systems of Freeport, Maine has 
stored DeLorme’s World Atlas on a Sony compact-disk 
laser drive. The Compaq Deskpro 386 displays maps of 
the entire Earth from one laser disk attached to a PC. 
The application also runs on 80286-based MS-DOS 


eomputers."=] [Ref. 3] 


B. WORM (WRITE ONCE READ MANY) 

Optical laser technology, today, has also branched 
MEO the write omce technology. Discs in this area 
come in a variety of sizes and an even broader variety 
of formats. Various formats due to the lack of 
eeandards have caused this market, or application, to 
falter in all but a few specific areas. The systems 
are usually sold as an entire package and are often not 
Eapable of being integrated with current hardware. The 
discs, most often, are 5 1/4 inch and are contained in 
a plastic case with a slide window. The disc drives 


Some either as separate units or as built-in drives 
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TABLE 2. SUMMARY OF CD-ROM CAPACITY EQUIVALENTS 


A SINGLE CD-ROM CAN HOLD THE SAME INFORMATION HELD BY: 


@ 270,000 PAGES OF TEXT OR, 
@ 20,000 PAGES OF IMAGES SCANNED AT 300 x300 DPI OR, 


10,000 PAGES COMPRISED OF 1/2 TEXT AND 1/2 GRAPHICS OR, 


1,500 5 1/4 FLOPE YT DISKS OF, 


1,200 MICROFICHE CARDS OR, 


1,104 HOURS (46 DAYS) OF DATA TRANSMISSION AT 1200 


BAUD OR, 


27 20-MB WINCHESTER DISKS OR, 


10 STANDARD 1/2 “, 9-TRACK TAPES OR, 


1 HOUR OF FULL MOTION, FULL SCREEN, FULL COLOR VIDEO. 
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$60 


$50 


$40 


$30 


$20 


$10 


$0 





$4136.40 








EQUIVALENT 
MAILING COSTS 









\e= (in dollars) 









Assumption: All items are shipped to a single 
location in a single container - except the paper 
which is assumed to be shipped individually as 
500 page books. 


First Class Mail 
(D.C. to San 
Diego) 





Book Rate 


i | Anywhere 


in the U.S.) 


poe. 

ree 

pete | | eee S94 5.73 $69 
pm Se | Eee 


PAPER 1650 BPI 6250 BPI CD-ROM 





(270,000) MAG TAPE MAG TAPE ina 
FLoppy (73) micrO- 3) ipnyzqgo = 2EWEL 

DISKS FICHE TAPE CART BOX 

(1500) (1000) (3) (1) 


Figure 5. Relative Mailing Costs For 540 MB Of 


Information 
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TABLE 3. CD-ROM ADVANTAGES AND DISADVANTAGES 


ADVANTAGES 
@ PERMANENT/DURABLE: It is an excellent archival medium (currently Sony 
disks are guaranteed for 50 years.) Also very rugged and able to withstand 
adverse weather and handling conditions. 


@ NON-VOLITATILE: No loss of altering of data during power failure or surges. 
@ LOW COST: The ‘per MB’ cost of data is less than any storage medium. 


@ EXTREMELY PORTABLE: The media is removeable and offers portability of 
data. 


@ SECURITY: Physical control can be maintained easily and thus large 
quantities of sensitive data can be controlled. Also, the possiblity exists to 
manufacture the disk out of glass instead of polycarbonate material and thus, 
for military purposes emergency destruction could be easily accomplished. 


@ SMALL PHYSICAL VOLUME/WEIGHT: Easily carried, or mailed etc, at a very 
reasonable expense. 


@ NOT ABLE TO BE ALTERED: This media is Read Only Memory (ROM) and as 
such, it is extremely useful for audit trails in the legal and financial world 
where magnetic media have not been allowed as evidence due to the 
alterability of that media. 


@® ENORMOUS DATA STORAGE CAPABILITY: Up to 600 MB of data ona single 
side of a single disk which is only 4.72 inches in diameter. 


@ USER FAMILIARITY: It is simply another PC peripheral that, to the user, 
looks just like aread only MS-DOS etc. disk. Also, the average user has had 
experience with the same physical disk in the CD-Audio environment and 
therefore feels more comfortable with it all ready. 


® BACKUP IS ELIMINATED: There is no need to backup the disk because it is 
ROM. Forsafety sake, mulitiply copies can be ordered at the time of disk 
pressing and stored in separate locations. 


@® ELECTRO-MAGNETIC PULSE (EMP) HAS NO EFFECT: This is not a magnetic 
media and therefore any sort of electro-magnetic energy has no effect on it. 


@® NO HEAD-CRASHES: The read-device is optical and does not contact the 
disk in any way, therefore, head-crashes are virtually eliminated. 
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TABLE 325 (Continued ) 


DISADVANTAGES 


@® READ ONLY: This feature, while a benefit to some is a hindrance to others 
desiring to alter their data. 


@ INITIAL COSTS FOR ADDITIONAL HARDWARE: Although this is true of any 
new system, it is viewed by many as a disadvantage when compared against 
the all ready sunk costs of the presently installed system. 


@ SLOW ACCESS SPEEDS: The average time to retrieve data, when compared 
to hard disk etc. is much longer. 


TABLE 4. COMPARATIVE ACCESS SPEEDS 


Floppy Disk Hard Disk CD-ROM 
Storage Capacity: 360KB-1.2MB 10MB - 70MB 540MB 
Revolving Speed: 300 RPM 3,000 RPM 200-500RPM 


Access Time: 100 msec 28-70 msec V4 lS. . 


Note: Backup of 10M of data from hard disk onto floppy 


disks can take up to 1 hour. 


ani 


CHARACTERISTICS SUMMARY 


4.72 inches (120mm) 
1.2mm 
15mm 
0.902 


Polycarbonate (plastic) base 


overlaid with a thin reflecting 
metal coating topped with a 
protective layer of polycarbonauee 


Track Characteristics: 


SoCed OL. 


Length of Recordings Track: 


Density of Information: 


Track Dens ray: 


Total Information Sterage: 


Spacing Between Teaeks: 


Size Gf Sin oliewee ii 


TABLE. 2b-. CD-ROM 

PHYSICAL 
Size: Diameter: 

Thickness: 

Center Hole Diameter: 

Weight: 

Layers, 
RECORDING 
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CEYv 

5OO RPM on inside tracks 
Co 

200 RPM on outside tracks 


3 miles leng, Starwene 
from the center ¢ mesma 
disc and working out 


2.84 KB/linear tracking 
ire 


16,000 tracks per ine 
(tpi) (for comparisonwea 
floppy disk has a tpi 

of 96) 

540 Mbytes 


1.6 microns 


0.4 to 0.6 by 2 microns 
and 0.12 microns veces 


TABLE 5. (Continued ) 


Read Only: One sided (reads only the 
bottom of the disc, and 
the top simply contains 
the label and is not used 
for recording purposes ) 


Read Medium: Gallium arsenide 
Laser Read Power: Laser using near infrared 


light focused to 1/25,000 
imeneGl micron ) 


Read Rate: 150 KB/second 

mecess Time: 0.4 - 1.0 seconds 
Fevational Latency: 60 - 130 milliseconds 
Read Head Separation: Approximately 1/25 inches 


(for comparison, this is 
2,000 times greater than 
the distance between a 
Winchester head and 
associated magnetic disk. ) 


STD: Yes--High Sierra 


mCC : Continuous-Interleaved 
Reed-Solomon Code (CIRC) 
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fitting into one of the standard floppy drive welerte es 
an IBM or compatible computer. The discs are most 
often known as Write Once Read Many (WORM), but are 
also know as Direct Read After Write (DRAW) which is a 
variation on the WORM, giving it the capability to 
verify the data by reading it immediately after wri 
to the disc. The discs are generally two sided and can 
contain approximately 200 Mbytes of data per side. The 
discs operate at a constant angular velocity (CAV) and 
the blanks cost approximately $100 each. The discs are 
preformatted so, unlike magnetic media, there tse 
formatting or initialization process that is re@uiiged 
prior to writing to the disc. This is because the 
discs are manufactured with a track or groove to 
facilitate recording. 

The acceptability of this technology is limited 
because no standard presently exists. Every set wom 
hardware and software is a separate entity with little 
hope for compatibility now, or in the near futures 
This has precluded its wide acceptance and has also 
added to the diversity of even the physical format and 
size. These write once discs can be found in several 
sizes, including 3.5 inch, 4.72 inch, 5 i) 4a 
ch». 12. inch. awde 14esiwen. 

The future of the write once technology appearcmr 


be limited, especially with erasable technetor, 
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Hacontneea Viable technology in the near future. Much 
Se thesaemand for write once will be redirected to the 
more effective and reuseable erasable media when it 
becomes available. Write once technology may continue 
to serve fields of law, accounting and other areas 
where an audit trail is mandatory. Magnetic media has 
Mot Suited this purpose well, and has not been accepted 
as evidence in the courts of law because of the ability 
to change the data without any trace of having altered 
the information. Another WORM application that has 
been effectively used is as an intermediary step to the 
production of a CD-ROM. The information is obtained 
ana put on a very high capacity hard disk system 
(capacity at least as large as one side of a write once 
disc--approximately 200 Mbytes) to accommodate the 
indexing and data preparation that is necessary to 
mmerectively place the information on a CD-ROM. The 
indexing and data preparation put the data in a format 
fee Che appropriate indexes to facilitate rapid 
mectrieval. ithe information is then written to the WORM 
and then sent to a company for actual mastering. 
Presently, there are few companies in the United States 
capable of the process. 

The write once ability is very limiting for data 
that is dynamic, and large. For example, if one has a 


database containing 50 Mbytes of information, then it 


ol 


can be written to the WORM using 25% of one side of the 
Gassic% If a change is necessary to that same data, it 
must be read into the computer, the change applied and 
the entire database written to the WORM again =n. 
resultant disc usage would then be 50% of one side of 
the disc. The actual amount of data changed could be 
as small as one byte. Updating 8 times would fill the 
entire disc (both sides). In addition, although 
writing data to dise is convenient, unless one wie 
access to a powerful retrieval engine, the data may 
take ages to search because it is not organized and 
indexed in an optimum search format/structure. 

This problem increases geometrically when you 
consider a i2 inch disc using the CLV format contami 
over 27 miles of track (on a 12 inch disc)--that’s a 


lot of searching revolutions at any rpm! 


C. ERASABLE DISCS 

The erasable disc and its associated technology is 
not yet mature and simply exists as vaporware, or 
research and development equipment, in the labs of many 
hopeful companies. When the technology reaches 
maturity as well as the consumer market, it will have a 
profound impact on the WORM market. However, the CD- 
ROM market will remain relatively stable due vost. 


unique applications and characteristics. Its read Oni 


oa 


nature and its small and lightweight characteristics 
make it an excellent media for the distribution of 
large quantities of information. The microcomputer 
peripheral equipment environment is familiar and 
reasonably-priced. As with the WORM technology, there 
is no logical or physical standard as yet for the 
erasable technology and as such many end users are 
extremely wary of investing in something that could 
become obsolete overnight. The early establishment of 
the physical standard for a CD-ROM is a major factor in 
its acceptance and the ’piggyback’ effect that it has 
experienced from the huge market of CD-Audio. 

Today there are three main types of erasable 
optical media being developed: Magneto-Optic (MO) 
(occasionally referred to as Thermo-Magneto-Optic 
(TMO)), Phase Change (PC) and Dye/Polymer (DP). 

ita Macneto-Optic 

The Magneto-Optic (MO) recording system stores 
information in the disc in the form of vertically 
oriented magnetic domains. Of the three types of 
erasable technology, the magneto-optic is the most 
Mature. Like most other optical drives, recording is a 
thermal process. In this case, an intense laser beam 
heats a small region of the magneto-optical active 
meyer in the presence of a magnetic field. The heating 


Mmeereases the coercivity of the active layer so that 
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the external magnetic field can reorient the field of 
the heated region. Upon cooling, a stable magnetic 
domain is formed, with no mechanical or chemical 
change. The recorded domains are read back by a low 
powered scanning laser beam and an optical system 
capable of sensing small changes in the polarization of 
the scanning beam caused by the magnetic domains. #3). 
media has no true overwrite capability and, therefore 
it must complete an erase cycle before a write Cyc. 
possible. There is some possibility that a disc could 
be erased as a whole, by subjecting it to a large 
magnetic field while it was Heatvedy One of the main 
benefits of the optical laser technology is that) ftgee 
unaffected by magnetic fields of any size, or of 
Electro-Magnetic Pulses (EMP). This benefit is loci 
any erasable media that involves magnetic fields and 
therefore, certain applications may be forced to remain 
in the CD-ROM and WORM technology which is purely 
optical and remains unaffected by any magnetic 
im terLerenoe. 
20 boase Jena ae 

The Phase Change (PC) media works on the basis 
of detecting a phase change in the medium. Because of 
the chemical nature of the material being tested today, 
this technology suffers some read cycle degradation and 


Media life is currently about three years. As a result 
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naiioemeaqia 1s not expected to be accepted by industry 
or users as long as superior products exist in the 
marketplace. [Ref. 4]. 

2 ue, LolLymens 

The Dye/Polymers (DP) look promising and are 

the newest and most exciting of the erasable 
technologies. [Piibtalereswmits of early testing 
indicate high performance and overwrite capability. 
The availability of this media and its read cycle 


degradation are still under study. [Ref. 4] 


D. FUTURE TECHNOLOGIES 

Where do we go from here? It was only a decade ago 
maiat Philips invented the compact audio disc and only 
two years ago that it truly became a product of wide 
consumer use. 

iiecmolwciMmatle a Ubnre Seems to be the erasable 
maerocale disc, although none of the dozen electronic 
fPempanies experimenting with them has perfected the 
technique as yet. [Ref. 5] The technology is capable 
of supporting such a medium today, however only in a 
eoentrolled and cumbersome environment. It is a giant 
step from the prima donna world of the prototypes to 
the marketplace of the user. The current erasable 
discs are either too costly for most audio 


applications, or too insensitive for most video and 
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data recording. [Ref. 4} Certainly the quest for such 
a medium--with all the benefits of huge amounts of data 
storage, combined with erasability, is being pursued by 
numerous companies. When addressing the future and the 
erasable compact disc, one of the leading companies is 
3M who "Next year plans to begin supplying limited 
quantities of erasable computer disks”. {[Ref. 5] 

Future use of optical laser disc, even with the 
comparatively large amount of data storage there are 
applications where even that high limit is too 
res ie iletl bye. In such cases the difficulty canine 
overcome by use of a device which can store as many as 
1.2 terabytes of data. This device is very simi?)a4.3— 
the familiar jukeboxes in the cate@s ot @vearc ace iw 
is capable of storing multiple CD-ROM’s and accessing 
them quickly by mechanical means. Once retire wee 
either a single, or multiple, disc drive(s) read the 
data. These devices are called optical jukeboxes. 

Another option is Reference Technology’s CLASIX 
MultiDrive Director Series 500 which can simultaneous 
access with CD-ROM’s in eight disc drives all connected 
to a single microcomputer. This system can access up 
to 4.32 gigabytes of stored data. 

Currently CD-ROM is the only non-audio optical 
laser technology that has an established physical 


standard. The standard ensures that the physica 
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femiaceOr a Gice is standardized, which means that all 
CD-ROM drive manufacturers agree on what a sector is 
and how to address it. An example of this would be a 
specific piece of information located on the disc at 
minute 47, second 138, sector 4 (47:13:4). (See Figures 
6 and 7) With this information, one could read the 
data and at this physical level all discs are 
maeerchangeable from one drive to another. "Figures 
such as 500, 550, 552, 553, and 600 MB appearing in the 
literature describing the capacity of a CD-ROM disc 
reflect only different decisions about how much of the 
disc to use, as no variations of track pitch, block 
meructure, ECC, or any other attribute of CD-ROM are 
permitted within the standard." [Ref. 6] The logical 
format however, does not currently have an established 
standard, although a defacto standard is recognized, 
and one can not therefore guarantee the 
mererchangeability of discs. Even with only the 
physical format agreed upon, the users are able to 
press ahead into areas previously too unfamiliar and 
unstable to be economically sound. Prom stor the 
acceptance of a standard, a CD-ROM mastered by one 
company could not be expected to work with the hardware 
or software of another vendor. With careful system 
specification to ensure the vendor uses the established 


standards, even the defacto ones, the user can 
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156th disc sector 


Minute | Second | Sector 


Ist disc sector 


SOURCE: CD-ROM Optical Publishing, p. 36 





Figure 6. CLV Addressing Scheme 


2048 BYTES 288 BYTES 
DATA L- EGE 


soe Ole eo 


SOURCE: CD-ROM The New Papyrus, pp 68 





Figure 7. One CD-ROM Block 
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reasonably expect to purchase a single CD-ROM disc 
drive that will be able to read numerous discs from a 
wide variety of sources, or the inverse, where any disc 
can be read on any disc drive. Also, production of a 
generic variety of retrieval software is now possible 
for the first time in the optical laser disc arena. 
This capability has nearly been achieved today through 
moe use of Microsoft™s MS-DOS extensions which treat 
the optical disc drive as a very large read-only hard 
disk. 

Pie eit 1 ComAMiLoematton= Conierence in the fall of 
1986, "Distributed Image Systems Corporation of 
Northridge, California, exhibited a laser disk-based 
storage and retrieval system that uses an oversized 
jukebox to store and retrieve the write-once optical 
Gisks. The jukebox can hold 1,600 gigabytes of data, 
Timea methods to allow multiuser access in seconds...." 


[Ref. 7] 
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Ill. OPTICAL LASER TECHNOLOGY VS PAPER -—A0 55 eo 


COST/BENEFIT COMPARISON 


One of the Key factors in choosing CD-ROM as the 
media for data is its ability to reduce costs 
associated with information storage and retrieval. 
Another reason for the selection of CD-ROM is its 
extremely reliable error correction accomplished by 
means of the Error Detection Code (EDC) and the Error 
Correction Code (ECC). Error detection codes used in 
CD-ROM have non-detection probabilities below 107-25, 
This means that one could expect a single undetected 
wrong bit in 2 quadrillion CD-ROM discs. 

The nature of the information, and the frequeneyaas 
the required update must be clearly evaluated in each 
case to ensure that the medium is appropriate for the 
task. Certainly the capabilities of CD-ROM or other 
optical laser media are impressive, and yet, they are 
not necessarily the panacea for today’s plethora of 
information: distribution: 

Today’s information distribution focuses on the use 
of paper, micrographics, microfiche, aperture cards, oF 
telecommunications--all of which are expensive compared 


to the surprisingly low costs of doing the same job 
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with CD-ROM. The density is significant when one 
considers CD-ROM’s ability to find the proverbial 
’needle in a haystack’ almost instantaneously. Given 
an average page of textual information, a single CD- 
ROM weighing approximately one ounce can hold over 540 
megabytes of information, the equivalent of 270,000 
paper pages whose total weight could constitute 1.42 
tons! See Figure 8 for the weight of various storage 
media capable of storing 540 MB of data. These 
statistics get even more staggering when you consider 
that one personal computer with a stack of 8 networked 
CD-ROM drives can access up to 2 million text pages 
(over 4 billion bytes of information) of data, 
constituting a potential weight in paper of 22,680 
Bounds (11.34 tons! ). 

Herein may lie the most significant benefit for the 
Department of Defense community--space and weight. 
This story can be retold a thousand ways and for a 
thousand applications, and yet the solution is 
beginning to become obvious: CD-ROM can store vast 
quantities of information with significantly reduced 
Space and weight requirements. An example would be the 
weight of documentation associated with the F-16 
aircraft. (see Figure 9) Another example would be the 
large volume of paper involved with the production and 


distribution of the Naval Ships’ Technical Manuals 
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2,835 #4 
50X eng 








60# 
«> ., WEIGHT (in Ibs) OF 
os I | VARIOUS STORAGE 
MEDIA CAPABLE OF 
STORING 540 MB 
40# a 
WA OF DATA 
| | 
om 27.75 # 
HM 
20# 1H] | | 
10# 8.75# 
Le __—_ 
PAPER 1650 BPI 6250 BPI CD-ROM 
(270,000) MAG TAPE MAG TAPE q ina 
coppy 79) micro. ‘ 18m 3480 ae 
DISKS FICHE TAPE CART (7) 
(1,500) (1,000) (3) 


Figure 8. Weight (in lbs) Of Various Storage Media 
Capable Of Storing 540 MB Of Data 
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THE GROWING LENGTH OF DOCUMENTATION -- 
THE CASE OF THE F-16 


47 feet 
250 feet 


Length of the Aircraft: 


Length of Documentation: 
(750,000 pages) 


Volume of Documentation: 63 4-drawer file 


cabinets or 
705 cubic feet 


OR 


lt could all be placed on 


40 12 inch optical discs totalling 
3.2 cubic feet... 


SOURCE: Optical Memory Technology Review Presentation Material, p 496. 





Figure 9. The Growing Length Of Documentation-- 
The Case Of The F-16 


NAVAL SHIPS’ TECHNICAL MANUAL (NSTM) 
STATISTICS 


@ TOTAL NSTM CHAPTERS: 103 
@ PAGES CONTAINED IN 1 COMPLETE SET OF NSTM: 11,000 
@ DISTRIBUTION OF COMPLETE SETS: 2,263 


@ DISTRIBUTION OF PARTIAL SETS: 1,000 


@ APPROX NUMBER OF CHANGES PER YEAR: 300 


A ROUGH “GUESSTIMATE” OF THE TOTAL “ACTIVE” 
PAGESIN THE MILITARY YIELDS: 


iM, 0007 2,253 + 1/2(11,000) ~ 1,000 = 


30,393,000 PAGES! 





Figure 10. Naval Ships’ Technical Manual 
(NSTM) Statistics 
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which are used by nearly every command in the U.S. 
Navy. (See Figure 10) 

In addition to space and weight savings, the 
relative costs per Mbyte of data are respectively lower 
in nearly all cases. (See Figure 11) 

The optical laser disc in the CD-ROM format could 
be immediately introduced in nearly all areas of the 
Department of Defense with the addition of minimal 
hardware. In the case of a text-only application, the 
CD-ROM disc drive would be sufficient. This ease of 
introduction is primarily due to the extensive use of 
IBM PC’s or compatibles presently in use by the 
government. With the commencement of the 1986-87 
academic school year, all three service academies 
issued IBM compatibles (Zenith Z-248’s) to each member 
of the incoming class. it is estimated that by Stne 
year 1990 there will be over 500,000 microcomputers in 
use in the government. [Ref. 8] 

Disc drives are currently available for as appa 
as $600 each, either as a stand-alone units or as 
internal drives that fit into one of the 5 1/4" drive 
slots ina PC. There are even a few half-height models 
now available also. 

The opportunities of the technology are quickly 
being experimented with and often realized. "Federal 


agencies are leading the way in the innovative use of 


44 









Small Large . Large 
MEDIA |Winchest.| Optical ieeey Magnetic Winchest. 
Disk ROM Dis Tape Disk CD-ROM 
Media 
Cost N/A 15-30 10-20 N/A 10-20 
(S) 
Drive 
Cost 500- 7,000- 200- 3,000- 10,000- 500- 
(S) 3,000 100,000 1,500 15,000 | 150,000 2,500 
Capacity 
(in MB) 1,000- | 0.36-1.20 50-4,000 | 540-680 
4,000 
Cost 
Pers tg 21.41 39.51 
Media 
Size 5.25 12.00 5.25 4.72 
(in.) 
Access 
Time 0.03-0.30 | 0.03-0.40 | 0.03-0.05 1-40 0.01-0.08 | 0.40-1.0 
(sec) 
Density 
(bits/in.) 10,000 6,250 
Data Rate 
(KB/sec) 2,500 


SOURCE: CD-ROM Opticai Publishing, p 37 










Deiecwe by eMeadra Comparison Chart 
(including Cost Per MB) 
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optical storage techniques, according to y¥viieane 
Hooton, Director of Optical Digital Storage Systems for 
the National Archives and Records Administration. " 
"Interest (in optical systems) in the federal market is 
very, very, high. Most agencies have some Cype vee 
project,’ Hooton said.” [Ret om 

The IRS has begun a project called Files Archival 
Image Storage and Retrieval which it estimates will 
result in annual storage costs savings of as much as 


$36 million annually. [Ref. 10] 
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oe Pho EON SPAGESSUDESIGN TO DELIVERY--THE, GENERIC 


PATH ) 


Due to the relatively recent introduction of 
computers, and especially microcomputers, into the 
Department of Defense, the majority of the information 
currently resides in some form of hard copy such as 
memer Or microfiche, while only a small percentage 
mMesides in digital form. This trend is rapidly 
faoeing® and projections reflect a reversal in a very 
Short time span. In a letter from the Chief of Naval 
mmermavions a directive for digitizing nearly all 
current and future records was established and the goal 
Simtune first "paperless" ship in 1990 was established. 
[Ref. 11] 

Nearly any form of information or image can be 
digitized, thus accomplishing the first stage toward 


Sreating an optical laser disc. 


A. CONVERSION 

An often asked question is, “If the data is not in 
digital format, is it worthwhile to convert text, 
fiche, et cetera to digital information in order to be 


mastered to optical laser disc?" The answer, of 
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course, differs in each case and while some may convert 
all archival files to optical disc, others may commence 
the new procedure as of a specific date or event, while 
others may not convert at all. 

The Optical Character Reader (OCR) process as 
developed by Optiram Ltd., a firm based on the island 
of Jersey between England and France, is so sensitive 
and intelligent that it is capable of converting almost 
any kind of type size, font, or even handwriting which 
can be quickly scanned into a computer-readable ASCII 
file. [Ref. 9] 

The overall CD-ROM life cycle begins with the data 
and continues through customer support, as depicted in 


Pa pure 1.2-. 


SOFTWARE 
SERVICES 


PROJECT MANAGEMENT 
SYSTEMS INTEGRATION 


CUSTOMER SUPPORT 





Figure 12. CD-ROM Life Cycle 
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B. STEPS IN DEVELOPING A CD-ROM PRODUCT 
There are eight basic steps in the process of 
developing a CD-ROM product and the following 
paragraphs summarize each of these steps. (See Figure 
ie ) 
if aeUset wheGigugement Definition 
The first step is not unique to a CD-ROM 
Meegect, however it 1s extremely important. This step 
must be done cautiously and in sufficient detail to 
ensure the final product is exactly what the user 
wanted. This step includes the market research, the 
competitive analysis, the distribution channels and the 
pricing. 
wee belivery system Definition 
Hardware compatibility must be considered to 
keep the cost of hardware to a minimum, and can often 
Mememinimized by ensuring compatibility with the 
currently installed system. Items of consideration 
should include: for hardware: CPU, monitor, optical 
disc drive, memory, keyboard/mouse; for software: 
meerating systems, file manager, retrieval, custom. 
3. Data Collection 
This step can vary from extremely complicated 
eiaeaitficult to almost no effort at all. Much of the 


data that is desireable to put on CD-ROM is all ready 
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centrally located and it can be readily identifi tedqdwang 
isolated. This step must consider the possibilitiesias 
keyboard entry, optical character recognition, 
digitizing, and =scannwiince 
4. Data Conversion 

This procedure can vary widely, with the most 
difficult process being the conversion of data 
currently held in paper form to digital inf ormattom 
Occasionally, the information can be found all ready 
stored on 1/2 inch magnetic tape and ready for the next 
step. The data can be on paper in picture or graphae 
form, on tape in EBCDIC form, on microfiche, on 
microfilm, on aperture cards, on floppy discs et cetera 
and thus the process varies and the cost/benefit of 
each must be carefully weigned. =~ 1his Sstepeaicl lid 
such things as the conversion of the machine-readapke 
media to a format compatible with the index and 
retrieval software, conversion of file structures to 
match the file format, reblocking data, insert ifongen 
display formatting characters, encryption of the date 
compression of images, and various other editing and 
alteration techniques. 

7. sUaba wind e <img 

This involves processing the data and creavigg 

of the index file for the key fields.) ine anoun 


complexity of this process depends on the nature ofa 


0 0 
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Figure 13. Application Development Process 
For A CD-ROM Product 
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data and the number of fields or words thats requ 
indexing. Due to the nature of CD-ROM with its three 
mile track it would take approximately 60 minutes to 
search the entire three mile distance at 150 KB/sec and 
therefore the proper indexing is very critical. (iim. 
step covers not only the inverted index of full text 
documents, but also the index of key fields, cross 
referencing, compression and encryption as necessanmy 
and desired. 
6. Logical Formatting 
This step involves the assembly of the software 
and the data and all of the associated indexes and 
retrieval structures. The build of the directory for 
the file manager and the build of the disc image also 
takes place Im whis strep. 
Le Premas Cet ime 
This is usually done at the publicher ea: 
service bureau and involves transferring of all the 
data to 1/2 inch tapes to be sent off to be mastered. 
It includes the verification of the tape format and the 
calculation of the error detection and error correcttenl 
codes. 
8. Mastering 
This takes place at a disc factory in a clean 
environment. It consists of conversion of the digital 


data on the 1/2 inch tapes to an analog signal for 
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laser encoding followed by the burning of the data onto 
the glass master by means of a high powered laser. 

From the glass master a negative impression is taken in 
metal and used as a stamper, or metal-mother. From the 
stamper, multiple polycarbonate discs, or replicas, are 
made and then coated with a thin layer of metal and 


finally topped with a protective lacquering. 
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V. APPLICATION DEMONSTRATION (DESIGN TO DELIVERY--A 


SPEC RE Veer avi ee) 


In the specific example that follows, the hardware 
and software will be described as well as the database 
that was mastered to CD-ROM as part of this thesis. 
The generic procedures previously described in Chapter 
IV will not be repeated, however the specifics of the 


application will be covered in this chapter. 


A. SPONSOR 

Sponsorship for this project was obtained from 
Naval Supply Systems Command in Washington, D.C. as 
part of an ongoing review of new technologies. The 
specific field of study and the resultant application 
were an outcome of the advertised capability of laser 
technology to accommodate massive amounts of digital 
information at reduced cost-per-megabyte values. (See 
Figure 11) The immediate need as seen Dy NAVSUP, was 
to alleviate the problem of over commitment of the 
installed TANDEM Systems at the 8 Naval Supply Centers 
(See Table 6). Current systems were overloaded with 


the Transaction Ledger On Disc (TLOD) database thus 
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Precciuaima Ehe wse of the system for other 


operationally more productive uses. 


TABLE 6. NAVAL SUPPLY CENTERS AND DEPOTS 


NAVAL SUPPLY CENTERS 


Charleston, South Carolina 
Jacksonville, Florida 
Norfolk, Virginia 

Oakland, California 

Puget Sound, Washington 
san Diego, California 
Pearl Harbor, Hawaii 


S]O O1fF GDF 


DEPOTS 


Yokosuka, Japan 
Sapte ,erdilippines 
Guam 


WONMrR 


Eee DATA SOURCE 

Due to it’s proximity to the Naval Postgraduate 
school, the Naval Supply Center at Oakland, California 
was chosen as the source of the TLOD database and for 
testing of the application after its completion. The 
Maocabase consists of the first two months, October and 
November, of the new fiscal year 1987, and contains 
slightly over 2 million records. In the actual disc, 
or dataplate, produced only 395.3 Mbytes of the 


available 540 Mbytes were used. 
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C. HARDWARE 

The Zenith Z-248 was chosen for this application 
demonstration due to it’s role as the’ gener. 
Department of Defense computer. The broad user market 
included over 1,250 USAFA cadets, over 1,230 USMA 
cadets, and over 1,301 USNA midshipmen, all newly 
reporting the respective academies in the fall of 1986. 
[Ref. 12] This has the tremendous potential of a very 
familiar medium that can simply be expanded through the 
use of additional hardware such as the CD-ROM Disc 
Drive, 

In a recent survey it was estimated that among 
government computers over 36.5 percent are used 4 Houmas 
or less out of every work day. [Ref. 13] This would 
conveniently allow for another use, or share use, of 
the microcomputer such as a CD-ROM application. 

* Zenith Z-248 PC (IBM PC/AT Compatible) with 

-2Z0 Mbyte Winchester vietive 

-1 360K Double-sided, double-density, soft-sectored 

-5 1/4 inch floppy disk drive 

-640K RAM 

-Intel’s 80286 16-bit Microprocessor 

-S MHZ Systems Clock 

* Zenith RGB/ENHANCED COLOR MONITOR 
* CLASIX"*™ DataDrivet™ Series 500 (see Table 7 for 
summary specifications) 
D. SOFTWARE 
* Standard File Manager 


* Key Record Manager 
* Application Specific file access software 
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E. CD-ROM 


* Transaction Ledger on Compact Disc (TLOCD) 


TABLE 7. CLASIX DATADRIVE PERFORMANCE CHARACTERISTICS 


PERFORMANCE CHARACTERISTICS OF THE 
CLASIX DATADRIVE SERIES 500 AND THE 
CD-ROM DATAPLATE 
(as provided by Reference Technology, Inc. literature) 


Formatted Capacity: 
Capacity Per CD-ROM DataPlate 540 MBytes 


Number of Recorded Surfaces 1 

Number of Blocks 270,000 

Bytes Per Block (Formatted ) 2048 

Performance: 

Average Seek Time (Motion & 1.0 sec 

Settling ) 

Average Rotational Latency 70 msec (inner) 
150 msec (outer ) 

Average Total Access Time 900 sec 

Rotational Speed (CLV) 220-480 rpm 

Sustained Data Rate 150 KBytes/sec 

MTBF 10,000 Power on 

Hours 

Error Rate (Output) < 1 per 1014 
Bytes 

Functional: 

CD-ROM DataPlate Size 

CD-ROM DataPlate Type 7 Caneel eC ) 

Interface std Prerecorded 

Software I/O Driver IBM PC Parallel 
IBM PC DOS 

Weight Compatible 

Disc Loading 13 Seals /Onke: 
horizontal Front 

Power Requirements Loading 

Dimensions (H X W X L) 120V/60Hz/25W 
eo nee ale). cate NX 
11.4in 
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Fo COST MiRer 14] 


The following paragraph, as well as Table 8, is a 
quote from a letter by Reference Technology | mice 
regarding the initial cost for the project and an 
estimate for follow-on projects not requiring the 
development, layout and hardware required for the 
fakes ics, 


"The formula for calculating the Costeontea 
indexing set up and indexing of the fields is below: 


$1,500.00 Indexing set up + $.50 per index per 1,000 
records 


$1,500.00 + ($.5 x #1°X 1KR) = Totale@oce 


$.50 x 6 indexed fields = $3.00 x 1,077K records = 
$3.23]. 00 


Indexing Set Up Si), 500 300 


Indexing S342 0 bao 


Indexing Total Cost 4 yu leo) 


Using the above formula, you can calculate the cost 
of adding 1,000,000 records to be $3,000.00. 


Also, the addition or deletion of indexed fields 
greatly changes the cost (see below). 


$1,500 + (.5 x 4 indexed fields - $27000x 19a. 
$3,654.00 


The following is for the conversion of the ise 
historical purchasing database (Transaction Ledger On 
Disc (TLOD)) for the months of October and November 
1986, to CD-ROM. The quotation covers the data for the 
month of October and allows for the addition of similar 
additional data (November TLOD) at costs outlined 
below. The cost is also based on creating six indexea 
fields for retrieval of the data 
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eae ee Sr 


Application Development 
Indexing Layout 

Indexing Set-Up & Indexing 
Additional 1 Million Records 
Disk Preparation 

Mastering (20 day turnaround) 
Replicas (50 at $20 each) 
CLASIX 500 DataDrive 

Laser Printer 

File Manager Software (each) 


Key Manager Software (each) 


eOal OF TLOCD APPLICATION 


INITIAL NEW CD-ROM 
CD-ROM ONEATATIME 


KaeKKRKKKKKKKKRKKRKKKRKRKRRE KK 


$4,400.00 


$1,500.00 


$4,731.00 


$3,000.00 


$4,000.00 


$4,400.00 


$1,000.00 


$ 900.00 


$2,850.00 


$ 58.90 


$ 151.90 


99 


-0- 


-0- 


$4,731.00 


$3,000.00 


$2,500.00 


$4,400.00 


$1,000.00 


-0- 


-0- 


$15,631.00 


VI. SUMMARY 


A. CONCEUST ON 

Current investigation into the aréa of opticaligaaae 
technology in the U.S. Navy includes a project, 
NAVSEA called Computer-Aided Technical Information 
System (CATIS) primarily involved with the placing of 
engineering technical manuals onto optical laser vai. 
for the Trident-Class Submarines. Another ongoing 
investigation is the Engineering Data Management 
Information and Control System (EDMICS) project at the 
Naval Ship Weapons System Engineering Station (NSWSES) 
in Port Hueneme, California which is involved with 
placing the engineering diagrams onto optical laser 
disc for use by major industrial facilities. 

Numerous applications in the civilian community 
have migrated to optical laser disc, however most 
applications are still geared to specialty areas and 
include such things as the MICROMEDEX eM Computerized 
Clinical Information System (CCIS). This is the #f mem 
medical file on CD-ROM and it consists of four 
databases which are frequently used in hospital 


emergency rooms for the identification and treatment of 
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abuses of toxic substances and prescription drugs, as 
well as for emergency treatment information. 
Another example is: 

Image Conversion Technologies has been awarded a 
$2.5 million subcontract by Capital Systems Inc. for 
image management services for the Naval Print on 
Demand System. 

Lomstoporewrnew=etrore, ICT will digitize about 
1.8 million pages of military specifications to be 
stored on two 80-gigabyte optical disc library units. 
ICT’s Data Visual Management System will be used for 
storage, indexing and retrieval of all documents to 
be printed, while its order-entry system will be used 
to manage orders and perform administrative 
operations. All processing and job control will be 
performed by a dual Digital Equipment Corporation VAX 
11/780 cluster configured by ICT. 

The anticipated printing volume is 225,000 pages 
per day with a required turn-around time of two days. 
{[Ref. 15] 

The technology works, and any paper file is a 
candidate for conversion to optical disc, however the 
question remains--does it work in "our" environment? 

There are some who are reluctant to commit 
themselves to optical discs for permanent storage of 
historical documents. According to the National 
Research Council’s report, "Preservation of 
Historical Records", the rapid pace of change in 
hardware and software technology suggests that it may 
be impossible to read the historical records in the 
centuries to come. Although present advantages 


appear to be overwhelming, such long term archives 


could potentially be forced to commit themselves to 
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an expensive file conversion process every 10 to 20 


years. [Ref. 16] 


B. RECOMMENDATION 

The new application was completed and is called 
Transaction Ledger On Compact Disc (TLOCD) 
(pronounced "T-locked"). (See Figure 14) It was 
compared in parallel with the current TLOD Systeme 
NSC Oakland and the results were essentially 
identical and access times were similar. The 
advantages are as previously discussed. 

One of the deleterious aspects to the successful 
introduction of TLOCD is simply the newness of the 
system and the technology and the scepticism wit 
which it is greeted by the users. A faciVity tna 
currently has an on-going, and modestly cifecrtiv ce 
program such as the current TLOD does not often see 
the necessity for change even though benefits are 
evident. There must be a process of UnirceceZzZing wan 
the sense of current procedures, followed by the 
change and then a process of refreeZing in thewne wie 
established pattern. 

For future consideration, especially wath. 
tremendous storage capacity and the small size of the 
CD-ROM, it may be desireable to place the noun name, 


or nomenclature, on the disc, or discs, in addition 
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to the NIIN. This would enable direct and positive 
Serrelation witheut reference to other publications 
or sources. Still another application could be the 
presentation of the associated graphics for the 
NIIN’s to assist in ordering and identification of 


mae exact E€quipmenitasnoart et cetera. 
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Figure 14. Transaction Ledger On Compact aie 
(TLOCD) Dataplate - OCT/NOV ’87 NSC Oakland 
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SCREEN DUMPS FROM THE CURRENT TLOD SYSTEM 


This appendix includes the screen dumps from the 
furrent. ThOD system in use at the Naval Supply 
Pembter, Oakland, California. The initial 
screens/menus are presented, as well as sample 


results from each inquiry. 


A listing of the screen dumps can be found at the 


beginning of the appendix on page 66. 
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Screen 


9A 


10 
100A 


10B 


san 


11A 


ie 
12A 


13 


TPiele 


Meow 
Tee 
TLOD 
TLOD 
TLOD 


System Selection 
Inquiry Via Item 
Inquiry Via Item 
Inquiry Via Item 
Inquiry Via Item 


Causative Research) 


TLOD nga, 
Results ) 
TLOD Angus 
TEOD Mi riciapiatay, 
(Results) 
TLOD iw Gurisey 
TLOD Sin qualrsy, 
(Results) 
TLOD In@uiiry 
TLOD Tivouiisry 
(Results ) 
TLOD In@uiiaey; 
TLOD: Inqwiicn, 


Via 


Via 
Via 


Via 
Via 


Via 
Via 


Via 
Via 


Item 


Item 
Item 


ITtem 
[tem 


Item 
Item 


Item 
Item 


Listing Of Screen Dumps In Appenawa. 


Menu 

(Window A Results) 
(Window B Results) 
(Selecting "YY" fem 
(Short Form 


Within Date Range 
Within Date Range 


Date 
Date 


For 
For 


Speci tise 
Specific 


DOCID 
DOCID 


For 
For 


Specific 
Specific 


For 
For 


DOCID Group 
DOCID Group 


(With Selected DOCID’s Displayed ) 


TLOD Inquesey, 
(Results) 
TLOD In@qutry 
Number 

TLOD vineuitex; 
(Daily) 

TLOD Inguiry 
(Results ) 
TLOD. “i niguieey 
TLOD Inquaiey 


Via 


Via 


Vole 


Via 


Via 
Via 


Item 
Item 
Item 
item 


Item 
ITtem 


(Window A Results) 
TLOD Inquiry Via Tt tem 
(Window B Results) 
TLOD Inqutryeviasetem 
(Selecting "Y" For Causative Research) 
TLOD Inquiry Via Item For Document Numpena 
(Short Form Results) 
TLOD Inquiry TIF For Specitic Fite tame 
TLOD Inquiry TIF For Specific Pilesia 


(Results ) 


For DOCID Group 
For FEM Seriaad 
For Closing Baw@lange 
For Closing Balance 


Number 
Number 


Document 
Document 


For 
For 


For Document Number 


For Document Number 


TLOD System Selection Menu (Reflects 
Access To Last Menu Selection As Not 


AUEMOrizZzea) 
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TLOD SYSTEM SELECTION MENU 
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TLOD INQUIRY VIA ITEM 
(WINDOW A RESULTS) 
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TLOD INQUIRY VIA ITEM 
(WINDOW B RESULTS) 
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TLOD INQUIRY VIA ITEM FOR DOCUMENT NUMBER 
(WINDOW A RESULTS) 
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TLOD INQUIRY VIA ITEM FOR DOCUMENT NUMBER 
(WINDOW B RESULTS) 
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TLOD INQUIRY VIA ITEM FOR DOCUMENT NUMBER 
(SELECTING “Y"“ FOR CAUSATIVE RESEARCH) 
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TLOO INQUIRY TIF FOR SPECIFIC FILE DATE 
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MOD VOe mane FOR SPECIFIC FILE DATE 
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TLOD SYSTEM SELECTION MENU 
(REFLECTS ACCESS TO LAST MENU SELECTION AS NOT AUTHORIZED) 
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APPENDIX B 


SCREEN DUMPS FROM THE NEW TLOCD SYSTEM 


iitsmanppDenadtx COntains the new TLOCD screen dumps and 
shows the initial screens/menus, as well as sample 
results from each inquiry. It also presents the 
TLOCD retrieval process in hierarchy format as Figure 
15, and the directory listing from the actual TLOCD 
disc, or dataplate. The directory reflects 359.5 
Mbytes of usage for data, and 35.8 Mbytes of usage 


for indexing, for a total of 395.3 Mbytes. 
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NOTE: The numbers adjacent to 

the boxes reflect the screen 

number in theAppendix which 

Gisplays the screen dump at that 1 






MAIN MENU 


stage 





2 






TRANSACTIONS 


3 [une 


ie 
2 | DATE SCROLLING | 13 DATE] 16 


ISA 


YN 


3 797 H126 9 | -Hi28 
10 | AUDIT CLOSI 
12 TRANSACTION sarah 7 


TLOCD RETRIEVAL PROCESS 


Figure 15. TLOCD Retrieval Process 
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TRANSACTION LEDGER ON COMPACT DISC 
(TLOCD) 


Directory Listing of the “L” Drive 
(Optical Disc Drive) 


359.5 MB of Data 


35.8 MB of Indexing 
395.3 MB Total 


(Remaining space on the 540 MB disc = 114.7 MB) 


Directory listing of 


Sub-Directories: 
None 


Files: 

MONT_126.DAT 89045936 Apr 1987 
MONTer26.1DxX Sess 7600 Apr Se 9 
MONT_127.DAT 96367568 Apr 1987 
MONiewe2 i) DAs SochoSe. — Apr 1987 
MONDe ice. DALetoooglo2 Apr ro a7 
MONT _128.IDX 4933632 Apr 1987 
NCverees DAT S26052100 Apr 1987 
NeGiVvemezow. LDKa, S252224 Apr 1987 
NOV_127 .DAT 64341152 Apr coe 
NOV_127 .IDX 6404096 Apr POS 7 
NOV_128 .DAT 27559364 Apr 1987 
NOVEelZee IDX | 2748566 Apr 1987 
VTOC oT Ss 10240 Apr 1987 

footie S } O bytes left 





Figure 16. TLOCD Directory Listing 
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Listing Of Screen Dumps In Appendix B 


Liege Le 


TLOCD Main Menu & Copyright Statemenms 
TLOCD Main Menu With Transaction Selecuew 
TLOCD Transaction Selected and NIIN 
Bneered 

TLOCD Transaction With Date Search Menu 
TLOCD Transaction With Date Only Selected 
TLOCD Transaction With Date Entered 

TLOCD Transaction With Date Entered 

(H1i27 Transaction Results) 

TLOCD Transaction With Date Entered 

(H1i27 Transaction Results (Scerolling® 
TLOCD Transaction With Date Entered 

(H128 Closing Balance Results) 

TLOCD Transaction With Date Entered 

(H126 Audit Trail Results) 

TLOCD Transaction With Date Or Later 
Selected & Entered 

TLOCD Transaction With Date Or Later 
Selected & Entered (H127 Transaction 
Results ) 

TLOCD Transaction With Any Date/Scroll 
selected 

TLOCD Transaction With Any Date/Scroll 
Selected (H127 Transaction Results) 

TLOCD Main Menu With Closing Balance Only 
Selected 

TLOCD Main Menu With Closing Balance Oonmim, 
Selected (And Date Entered ) 

TLOCD Main Menu With Closing Balance Only 
Selected (And Date Entered) (H128 Closing 
Balance Results) 
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TLOCD MAIN MENU & COPYRIGHT STATEMENT 
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TLOCD TRANSACTION SELECTED AND NIIN ENTERED 
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TLOCD TRANSACTION WITH DATE SEARCH MENU 
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TLOCD TRANSACTION WITH DATE ONLY SELECTED 
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TLOCD TRANSACTION WITH DATE ENTERED 
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TLOCD TRANSACTION WITH DATE ENTERED 
(H127 TRANSACTION RESULTS) 
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TLOCD TRANSACTION WITH DATE ENTERED 
(H127 TRANSACTION RESULTS (SCROLLING)) 
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TLOCD TRANSACTION WITH DATE ENTERED 
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TLOCD TRANSACTION WITH DATE ENTERED 
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TLOCD TRANSACTION WITH DATE OR LATER SELECTED 
& ENTERED 
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TLOCD TRANSACTION WITH ANY DATE / SCROLL SELECTED 
(H127 TRANSACTION RESULTS) 
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GLOSSARY 


ANSI--American National Standards Institute 


Application Development--Customer software developed 
according to the user’s specification thavweews 
include user interface, data presentattonmeaune 
integration of the information product into 
existing applicamions. 


ASCII--American Standard Code for Information 
Interchange. It is the standard table of 7 =bame 
digital representations used 9te err aneinase 
information to a printer, other computers, es 
other peripheral devices. 


ASIC--Application Specific Integrated Cireutte, 


Bit--Binary digit. The smallest part of information in 


binary notation. A bit is written as either 196i 
and represents either the on or off variation oF 
Voltage: 


Board--A printed-circuit board, or card, that mounts 
onto the physical chassis of a computer or 
peripheral and holds the chips vandg@@assoctarce 
Wiring. Other cards may be plugged into this 
board. 


Boot--The process of initializing an operating system 
On 3 Computer : 


Bootstrap--The program used by the computer to load the 
operating system. 


Break--The process of interrupting and temporarily 
halting a sequence of operations. 


Buffer--An auxiliary storage area for data. Many 
peripherals have buffers used to temporarily store 
data that will be used as time permits. 


Byte--A group of eight bits of digital data which ie 


processed together. A byte can have 256 (or 2®) 
possible combinations of 8 binary digits. 
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Cache--Fast RAM. (See also RAM). 
CALS--Computer-Aided Logistics Support. 
Card--See Board. 


CATIS--Computer-Aided Technical Information System. A 
Navsea project involved with placing engineering 
technical diagrams and manuals on optical disc. 


CAV--Constant Angular Velocity. A technique that spins 
a disc at a constant speed, resulting in the inner 
disc tracks passing the read/write head more slowly 
that the outer tracks. this results in numerous 
Petok os tormngmeconcentric circles with the storage 
density being the greatest on the inner track. (See 
also CLV). 


CCITT--Acronym for the French name of the Consultive 
Committee on [International Telephone and Telegraph. 
CCITT issues the standards for data compression 
Tecimraques such as CCITT Group 3. 


CD--Compact Disc - See CD-ROM 
CDI--Compact Disc Interactive. Physically identical to 


the CD-ROM disc, however, with emphasis on the 
Merde uwlvenPprecentation Of video, audio, text and 


data. A self-contained multimedia system expected 
to operate in conjunction with home entertainment 
equipment. 


CD ROM--See CD-ROM 

CDROM--See CD-ROM 

CD-ROM--Compact Disc - Read Only Memory. A computer 
peripheral capable of storing large amounts of data 
VMiGiMeatcmmlLacged  onwsthe G@Gise at the time of 


manufacture. 


Checksum--A method of checking the accuracy of a 


character transmitted, manipulated, or stored. The 
emecksum is the result of the summation of all the 
Tes iVoOluved. Useagnror error detection vice 


error correction. 
eueo-—-ihe term applied to an integrated circuit that 


contains many electronic circuits. A chip is 
sometimes called an IC or an IC chip. The name is 
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occasionally applied to the entire intepravced 
clrcust  packave- 


CIRC--Cross-Interleaved Reed-Solomon Code. The only 
error correction scheme used with CD Audio, and 
the first layer used with CD-ROM. [aes 
implemented in the hardware, and uses two 
independent R-S codes to achieve an error Trateyouee 
UNCOrrec ted error spe. an) bytes. 


CLV--Constant Linear Velocity (as opposed to CAV). 
Used with CD-ROM to keep the data moving past the 
optical head at a constant rate. In ordereiie 
accomplish this, the rotational speed of the dimee 
must vary, decreasing as the head moves from the 
inner tracks toward the outer perimeter. The 
range is approximately 500 to 200 rpm for a CD-ROM 
aise drive 


Code--A method of representing data in a form the 
computer can understand and use. 


Command--A code that represents an instruction for the 
COmpUuULer. 


CRC--Cyclic Redundancy Code. ECC algorithm for sun 
checking of CD-ROM after error €oerrectiena. 
performed--only capable of error detection. 


DataPlate--A proprietary name given to a CD-ROM by 
Reference Technology, Inc.. 


Density--The closeness of space distribution ona 
Storage medium such as a disc: 


Disk Operating System--DOS. <A program or programs that 
provide basic utility operations and controle =. 
disk-based computer system. 


Disc Preparation--Providing certified tapes and 
shipping containers for customer data. Scannam, 
input tapes for data integrity and cleaners 
minor problems, building a directory (High Sierra 
or customer), putting the data in proper format for 
the mastering cenver user. 


DMA--Direct Memory Access. 


DOS--See Disk Operating System. 
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Double-Density--This term is most often applied to the 
storage characteristics of disks, and generally 
refers to the density of the storage of bits on the 
disk surface on each track. 


DRAW--Direct Read After Write. A write once optical 
disc technology (See also WORM), an error control 
technique; however, it is unable to be used with 
CD-ROM. 


EBCDIC--Extended Binary Coded Decimal Interchange Code. 
An 8-bit code developed by IBM, and used primarily 
by IBM and its compatibles. The code is used to 
Eevmescet Ge coOommumoers, letters and characters in a 
computer system. (See also ASCII) 


ECC--Error Correction Coding. The application or 
addition of redundant data to the original data in 
order to provide a means of correction when an 
error in the original data is detected. 


EDC--Error Detection Code. The application of 
redundant data to the original data in order to 
qeteei CTrrors. 


EDAC--Error Detection and Correction. Redundant 
information which is calculated according to 
CCmeomn alporithns used to detect and correct 
errors when data is read. 

EDMICS--Engineering Data Management Information Control 
System--A NAVSUP project. 

FCCSSAT--Federal Council On Computer Storage Standards 
and Technology. 

GB--See Gigabyte. 

Gbyte--See Gigabyte. 

Giga--1,000,000,000. 

Gigabyte--1,000 megabytes, or 1 billion (10°) bytes. 

Glass Master--The original glass disc upon which the 
digital information is burned with a laser. From 
it are formed the "stampers" which in turn are used 


to produce the numerous discs, usually by an 
injection molding process. 
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Hardware--The physical computer and all of its 


component parts, as well as any peripherals and 
interconnecting cables. 


Head Crash--When the read-head contacts the magnetic 
surface of the disk--a highly undesirable 
OCCUrRenece: 


High Sierra Group--An ad hoc working group of CD-ROM 
service companies, vendors, and manufacturers which 
has been a prime source of activity in the Sseuueme 
of standards for CD-ROM data format and 
compatibility. The group was named after its first 
meeting place--the High Sierra Hotel at Lake Tahoe. 
The group first met in 1985. 


IC--Integrated Circure: 


Indexing--The actual processing of all records 
according to the layout and the building of the 


index file. Indexes permit the computer to rapitgae 
locate data without searching through the full body 
of data. Generally, a data item is searchable only 


if it is indexed. 


Indexing Layout--Design of the customer database 
according to the criteria established, fae 
customer. This is done only when the database is 
first processed or changes are made. 


Indexing Set Up--Tape handling, resource allocation and 
loading the layout programs on the indexing system. 


Instruction--A program step that tells the computer 
what to do for a single operation in a program. 


Interface--A device that serves as a common boundary 
between two other devices, such as two computer 
systems or a computer and peripheral. 


Interweaving--A technic used to physically disperse 
data for each code over a larger area of media in 
order to spread error bursts over multiple code 
words, thus minimizing the error caused to any on. 
code by a long defect. 


Jewel Box--The plastic container in which the CD-ROM 
disc is generally stored. 


Jukebox--See Optical Jukebox. 
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K--Abbreviation for Kilo. 

KB--See Kilobyte. 

Kbyte--See Kilobyte. 

Kilo--A prefix meaning (1) 1000 when used in a 
mathematical expression; or (2) 1,024 910 when used 
as a unit measure in computers. As an example, 16K 


would equal 16 times 1,024 or 16,384. 


Kilobyte--A unit of measure in computers that equals 
1024 bytes. 


LAN--Local Area Network. 

Land--The reflective area between two adjacent non- 
Petwectilve =pitseon a disc. The transition from pit 
to land or land to pit represents a binary 1. (See 
also Run). 


Layered ECC--The second level of correction performed 
by the host computer’s software. 


Load--The process of entering information (data or 
program) into a computer, from a keyboard, disk, or 
OLher seurce. 


M--Abbreviation for Mega. 


Machine Language--A programming language consisting 
only of numbers or symbols (binary code) that the 
computer can understand without translation. 

Magneto-Optic--A form of erasable media that stores 


information in the form of vertically oriented 
magnetic domains. 


Mastering--The entire process involving the scheduling 
of the mastering center, managing artwork and 
packaging issues and Q.A.ing all replicas for data 
PiLeera ty and readability. 

MB--See Megabyte. 

Mbyte--See Megabyte. 

Mega--1,000,000. 


Megabyte--1,000 Kilobytes, or 1 million (10°) bytes. 
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Metal Mother--The negative mold created from tne 2... 
master which is in turn used to stamp the numerous 
discs. Often called a “stamper". 


Millisecond--One 1/1,000th of a second. 


Micron--One square micron, the area occupied by 1 bit 
on a CD-ROM. One millionth of a meter. 


Microsecond--One 1/1,000,000th of a second. 
MO--See Magneto-Optic. 


MS-DOS--The disk operating system used with IBM 
computers and their compatibles. 


NISO--National Information Standards Organization. 
NSC--Naval Supply Center 
NSTIS--Navy Standard Technical Information System. 


OCR--Optical Character Recognition. Generally usediimm 
reference to a device capable of scanning printed 
material into a digital torn 


OD3--Optical Digital Data Disc 


Optical Jukebox--A store and read mechanism capable of 
storing and accessing multiple CD-ROMs. Accessmiae 
is generally accomplished by mechanical means after 
which the discs are placed on a single reader (disc 
drive) for use. 


OROM--Optical Read Only Memory 


Pit--The microscopic depression in the reflective 
surface of a disc. The pattern of pits Tepre-_ ae 
the data being stored on the disc. (See also 
"land"). The light from the laser used to read the 
data is reflected back from the lands, but 
scattered by the pits. <A typical pit as abew@ieeirae 
size of a bacterium —- 0.5 by 2.20 micce 


Pixel--A picture element in a video display; the 
minimum raster display element, represented as a 
point with a specified color and imteneae 


Platter--Generally used in reference to the larger 


(12") optical discs. Sometimes in” reterencemues: 
single layer ina magnetic disc pack. 
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RAM--Random Access Memory. Semiconductor memory 
circuits used to store data and programs in 
information processing systems. 


RS--See Reed-Solomon. 


Reed-Solomon Codes--A family of error correction codes 
capable of correcting single and multiple random 
symbol errors. Used with CD-ROM and CD Audio. (See 
also CIRC) 


R/W/E--/Read/Write/Erase--An alternative title for 
erasable discs. 


Run--The distance between transitions either from land 
to pit or pit to land. The distance represents two 
or more zeros (See also Land). 


SASI--Shugart Associated System Interface--The pre- 
Cursor to SCSI. 


sCSI--Small Computer Systems Interface--A complete 8- 
DiG parallel interface bus structure with rates up 
to 4 Mbytes/sec. that is subordinate to the rest of 
tre SVStem architecture. Up to 8 systems and 
peripherals may be connected to the Same bus. 


Soft-Sectored--This term applies to disks and indicates 
aeevype Of @isk that has a single timing hole which 
marks the beginning of a track. Sectoring of the 
track is controlled by software. 


software--A general term that applies to any program 
(set of instructions) that can be loaded into a 
computer from any source. 


Sort--To arrange (or place in order) data according to 
Wepre ccr ined Set of rules. 


otamper--See Metal Mother 


Substrate--The base material form which a disc is made, 


generally a strong and transparent polycarbonate 
plastic. 


Track--A linear, spiral or circular path on which 
iMtcornation is placed, or found. The portion of a 
disk that one read/write head passes over to 
exuract data. Track density is measured in tpi 
(tracks per inch). 
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Tbyte--Terabyte or 1,000 gigabytes. (1012), 


TLOCD--Transaction Ledger On Compact Disc (pronounced 
"T-locked") Acronym created by author to identify 


new product. Same information as TLOD, however it 
is resident on a 4.72 inch compact disc. (See also 
JEL OND) ©. 


TLOD--Transaction Ledger On Disc (pronounced "T-load" ) 
a record of the all the UADPS-SP transactions 
executed at a specific Naval Supply Center. 


TMO--Thermo-Magneto-Optic. see Magneto-Optic. 


UADPS-SP--Uniform Automated Data Processing System - 
stock Point. An automated system that coordinates 
all the logistics control, financial management, 
inventory, ordering, issuing, buying, et cetera 
Navy stock points. TLOD functions as a subset of 
this overall system. 


Vaporware--Hardware that is generally still in the lab 
which has not sufficiently been demonstrated or 
proven to actually be a product. 


WORM--Write Once Read Many (occasionally seen as Write 
Once Read "Mostly" or "Multiple"). 


2 


HO. 


ie. 


Lad 


LIST OF REFERENCES 


Paller, Alan, “Computer Graphics", GOVERNMENT 
COMPUTER NEWS, Vol. 5, No. 21, p. 31, October 24, 
1986. 


Dixon, Bradford N., "The Grolier Electronic 
Encyclopedia", CD-ROM REVIEW, CW 
Communications/Peterborough Inc., Vol. 2, No. i, 


poe lUu-17, Mareh/April 1987. 


Vizachero, Rick, "Graphics Show Has a Little of 
Everything", GOVERNMENT COMPUTER NEWS, Vol. 5, No. 
fa OSe NOvemuer 2i, 1986. 


Piet TAR ZED OP iC ate DISK STUDY, Fairchild 


Industries, Inc., pp. 10-21, December 1986. 


Hudson, Richard L. “Erasable Optical Disk Comes 
Closer, but Problems Remain", THE WALL STREET 


TOURNAT@wp. 19, Friday September 5, 1986. 


Lambert, Steve, and Ropiequet, Suzanne, CD ROM THE 
NEW PAPYRUS, Microsoft Press, p. 68, 1986. 


WeZzacnieoron Rick, Publishing, Optical Disk Systems 
Dominate Conference", GOVERNMENT COMPUTER NEWS, 
Vol wo eNOw. 2c, Pp. Of November 7, 1986. 


Hacer oter, Agencies Double Their Micro Buys in 
nooo seGOVvVERNMENT COMPUTER NEWS, Vol. 5, No. 15, p. 
1, August 1, 1986. 


Vizachero, Rick, “Optical Storage Gets Agencies’ 
Attention", GOVERNMENT COMPUTER NEWS, Vol. 5, No. 
roo Decemoer 5, 1986. 


"Contract Awards", GOVERNMENT COMPUTER NEWS, Vol. 
DeeVOmea0 pe to, October 10, 1986. 


Department of the Navy, Office of the Chief of 
Naval Operations, Memo 03/DU2211, 24 December 1986. 


Williams, Rudi, "Plebes Add Computing To Saluting", 


GOVERNMENT COMPUTER NEWS, Vol. 5, No. 18, pp. 1,4, 
Sepueemoer 12, 1986. 


ee 


eye 


ee 


Lo 


Ge 


Paller, Alan, 


"Graphics Key for Getting Handle on 


Data", GOVERNMENT COMPUTERRE WS). ole 


13, October 24, 


1986. 


5, Nez 


Zur 


Reference Technology, Inc. letter dated December 


1A aE OSGe 


"Contract Awards", 


5, No. 20, p. 


Betts, Mitch, 


Sa; 


"National Archives’ 


GOVERNMENT COMPUTER NEWS, 


October 10, 


1986. 


scrutiny", COMPUTER WORLD G9 oll Noe 


september 1, 


AS tone 


124 


Son 


Vol. 


Storage Under 
De 


Sy 


p. 


BIBLIOGRAPHY 


1985 OPTICAL STORAGE DATA, Optical Society of America, 
WIS Oo. 


A PLAN TO QUALIFY A COMPUTER-AIDED TECHNICAL 
INFORMATION SYSTEM FOR USE IN NUCLEAR-POWERED 
SUBMARINES, 20 December 1985, Naval Sea Systems 
Command. 


Antonuccio, Anthony, "Tape Backup Systems", BYTE, May 
1986. ae ~ 


Betts, Mitch, "National Archives’ Storage Under 
oeciiy', COMPUTER WORLD, Vol. XX No. 35, 1 September 
1986. 


Bohl, Marilyn, INFORMATION PROCESSING, SCIENCE Research 
Associates, Inc., 1984. 


CD DATA REPORT, Vol. 2, No. 3, January 1986, Langley 
Publications. 


CD-ROM REVIEW, CW Communications/Peterborough Inc., 
Po. 25 No. 1, March/April 1987. 


CD-ROM REVIEW, CW Communications/Peterborough Inc., 
1986. 


DATA MANAGEMENT, GAO/IMTEC-86-7 United States General 
Accounting Office, March 1986. 


Desmarais, Normon, "Laser Libraries", BYTE, May 1986. 


Dulude, Jeffrey R., " The Application Interface of 
Optical Drives", BYTE, May 1986. 


ENGINEERING DATA MANAGEMENT INFORMATION AND CONTROL 
SrolkM ( EDMICS) SYSTEM DECISION PAPER I/II, Naval 
supply Systems Command, 10 July 1986. 


"Federal Council to Discuss Storage Standards for ADP", 
SORE RNMENT COMPUTER NEWS, Vol. 5, No. 18, 12 September 
rgSso . 


Gabel, David, "Optical-Disk Storage", PC WEEK, Sec. 2, 


oe 5 NO.et, Ziff-—Davis Publishing Co., i7 June 
1986. 


eA 8: 


Golomb, Solomon W., "Optical Disk Error Correcpien @ 
BYTE, May 19803 


Hager, Peter, "Agencies Double Their Micre.su 7m 
1985", GOVERNMENT COMPUTER NEWS, Vol. 5, No. 15, 5 
August 1936. 


Hudson, Richard L. “Erasable Optical Disk Comes Closer, 
but Problems Remain", THE WALL STREET JOURNAL, Freda 
september 1986. 


Isailovce, Jordan, VIDEODISC AND OPTICAL MEMORY SYSTEMS, 
Prentice-Hall, Inc., 1985. 


Janus, Susan, “The Mass-Storage Boom", PC WEEK; Se@ceuze 
Vol. 3, No. 24, Ziff-Davis Publishing Co. f7 June 
1986. 


Kirchner, Jake, "PC Users Drive Industry to Enhance 
storage Media", GOVERNMENT COMPUTER NEWS, Vol. 5, No. 
Zi, 24 October 19367 


Lambert, Steve, and Ropiequet, Suzanne, CD ROM THER 
PAPYRUS, Microsoft Press, 1986. 


Laub, Leonard, " The Evolution of Mass Ste@rage” > Baga 
May 1986. 
Levine, Arnold 8S., "Electronic Media Heightens Necaiiaa. 


Records Management", GOVERNMENT COMPUTER NEWS, Vol. 5, 
No. il/7, 29 August 1986. 


Mallory, Rich, " A Roundup of Optical Disk Drives", 
BYTE, May 1986. 


Meng, Brita, "Optical Disks Slip On Compat?toriit as 
DIGITAL DESIGN, January 1986. 


MILITARIZED OPTICAL DISK STUDY, Fairchild Industmrece 
Inc., December 1986. 


Optical Discs: An Information Revolution, IEEE 
Seminars via Satellite, February 2Zovse 7. 


OPTICAL MEMORY TECHNOLOGY REVIEW PRESENTATION MATERIAL, 
Volumes 1,2 & 3, June 11-12,1986, Naval Air Development 
Center and National Bureau Of Standards. 


Paller, Alan, "Graphics Key for GeUting  aand le son 


26 


Data", GOVERNMENT COMPUTER NEWS, Vol. 5, No. 20, 24 
October 1986. 


Paller, Allen, “Computer Graphics", GOVERNMENT COMPUTER 
NEWS, Vol. 5, No. 21, 24 October 1986. 


Roplequet, suzanne, CD ROM Optical Publishing, 
Mrcrocaht Press, 1937. 


Second International Conference on CD-ROM, Seattle, 
Washington, Microsoft, March 2-6, 1987. 


Seither, Mike "Philips, Control Data Team Up to Market 
Half-Height CD ROM Drive", MINI-MICRO SYSTEMS, Cahner’s 
Publishing, December 19386. 


Spencer, Cheryl, "Building a Data Base", PERSONAL 
COMPUTING, November 1986. 


Stang, David J., “Government User Survey Reveals Many 
Micros Underused", GOVERNMENT COMPUTER NEWS, Vol. 5, 
No. 19, 24 October 1986, 


Sullivan, Judith A., “IRS Pilots Optical Image Storage, 
Retrieval Systems", GOVERNMENT COMPUTER NEWS, Vol. 5, 
No. 18, 10 October 1986. 


Vizachero, Rick, "Agencies Explore CD Technology", 
GOVERNMENT COMPUTER NEWS, Vol. 6, No. 4, 27 February 
1987. 


Vizachero, Rick, "Graphics Show Has a Little of 
Everything", GOVERNMENT COMPUTER NEWS, Vol. 5, No. 23, 
21 November 1986. 


Vizachero, Rick, “Library of Congress Issues Optical 
Disk Storage Rules’, GOVERNMENT COMPUTER NEWS, Vol. 5, 
Wow 2a, 19 December 1986. 


Vizachero, Rick, “New Retrieval System Uses Laser 
Disks", GOVERNMENT COMPUTER NEWS, Vol. 5, No. 18, 12 
september 1986. 


Vizachero, Rick, "New Retrieval System Uses Laser 
Disks", GOVERNMENT COMPUTER NEWS, Vol. 5, No. 20, 10 
October 1986. 


Vizachero, Rick, "Optical Storage Gets Agencies’ 
Attention", GOVERNMENT COMPUTER NEWS, Vol. 5, No. 24, 5 
December 1986. 


a7 


Vizachero, Rick, “Publishing) Optical piers cre. 
Dominate Conference", GOVERNMENT COMPUTER NEWS, Vol. 5, 
No. 22, 7 November 1986. 


Vizachero, Rick, "USGS Expert Sees Much Potential for 
CD-ROM", GOVERNMENT COMPUTER NEWS, Vol. 6, No. 4, 27 
February 1987. 


Warren, Carl, “Software Tools, Utilities Drive Optical 
Disks", MINI-MICRO SYSTEMS, Cahner’s Publishing, 
December 1986. 


Whieldon, David, "Look At Optical Storage”, COMPUREE 
DECISIONS, 2 Decender eaa0. 


Williams, Rudi, “Plebes Add Computing To Saluting @ 
GOVERNMENT COMPUTER NEWS, Vol. 5, No. 18, 12 September 
1986. 


Zoellick, Bill, "CD-ROM Software Development"; "BYTE. 
May 1986. 


128 


ial visite UTION LIst 


No. Copies 


baorary, Code 0142 2 
Naval Postgraduate School 
Monterey, California 93943-5002 


Defense Technical Information Center E 
Cameron Station 
Alexandria, Virginia 22304-6145 


Commander, Naval Supply Systems Command 2 
Code 064 

Department of the Navy 

Washington, D.C. 20376-5000 


Chief of Naval Operations (OP-945) 1 
Department of the Navy 
Washington, D.C. 20350 


LCDR David J. Lind USN 3 
Naval Data Automation Command (Code 30) 
Washington Navy Yard 

Washington, D.C. 20374-1662 


barreyraA. Frew 4 
Administrative Sciences Department 

Code 5b4FW 

Naval Postgraduate School 

Monterey, California 93943 


Dr. Lang Chou 1 
Meteorology Department (Code 63CQ) 

Naval Postgraduate School 

Monterey, California 93943 


Commanding Officer a 
Naval Supply Center 

Data Processing Department Code 61 

Attn: Wilson Samuels 

Oakland, California 94625-5000 


Director, Naval Data Automation Command 1 


Washington Navy Yard 
Washington, D.C. 20374-1662 


129 


oy 


bee 


ee 


oe 


4 


Oe 


One 


eee 


lke 


eo 


iO 


Deputy Chief of Naval Operations 
(Surface Warfare) 
Department of the Navy 


Washington, 


Di 


20350-2000 


United States Department of the Interior 


Geological Survey 


Reins feeds 


McFaul 


REStOn| Virginia 


eau 2 


Reference Technology, Inc. 
5700 Flatiron Parkway 


Boulder, Colorado 


80301 


United States Naval Academy 
Economics Department 

Attn: Li. Mike vw Avorn 
Maryland 21402 


Annapolis, 
Commander, 


Washington, 


Naval Sea Systems Command 
Attn: Code SEA 92X31 Janey L. Price 


Dec. 


20362-5101 


Naval Air Development Center 
Department of the Navy 

Attn: Code 5023 Roman Fedorak 
Pennsylvania 18 


Warminster, 


National Bureau of Standards 
Attn: Ms. Jean Freedman Rm A6o1, Bldg 225 


Gaithersburg, 


Commander 


Maryland 2089 


974-5000 


9 


Navy Regional Data Automation Center 
Washington Navy Yard (Bldg 196) 


Washington, 


ee 


20374 


Navy Publications and Printing Sem tee 
Management Office (Attn: J. 
Washington Navy Yard Annex (Bldg 159-3) 


Washington, 


Commander, 


Washington, 


ieee 


20374-1592 


Karpovich/Code 41) 


Naval Supply Systems Command 
Logistics Technology Division CM-3 Rm #517 
Attn: Jerry Russomano 


DG. 


20376-5000 


Director, Defense Mapping Agency 
U.S. Naval Observatory 
Attn: PRS Bldg 56 (Bill Love) 


Washington, 


ees 


20305-3000 


130 


il 


eal. 


es 


Cio 


ee. 


ON 


20. 


ee 


Captain Harold E. Lind USN(Ret ) 
6065 Henderson Drive 
La Mesa, California 92041 


United States Military Academy 

Department of Geography and Computer Science 
Attn: CPT Peter B. Polk USA 

West Point, New York 10996-1695 


Major David J. Lee USMC 
ESCo smith Street 
McLean, Virginia 22101 


Headquarters, Department of the Army 
The Pentagon 

Attn: DAMA-PPT (CPT Gary A. Lee USA) 
Washington, D.C. 20310-0661 


CDR W.E. Grove USN 

Director of Planning (Code 40) 
Naval Supply Center 

Puget Sound, 

Bremerton, Washington 98314 


Commanding Officer 

Navy Fleet Material Support Office 
P.O. Box 2010 (Attn: Code 9513) 
Mechanicsburg, Pennsylvania 17055 


Lt Col Robert L. James USAF 

Director of Research, Studies and Analysis 
HQ USAFA/DFSR 

U.S. Air Force Academy, Colorado 80840-5751 


131 











DUDLEP Kai iz IIBRARY 
NAV42 ®9Gealu TSATE SCHOOT, 
MONTOREY »OLLN ORVTA 30948-5002 





aati Aa aditplnd~Siee il pret Don 


wry rey tere nye reese! > ” P * 


bracts Ursin tey sn, lnon“Pae dnl to eesti eel aaa ried 
oleae dain. Sa eed ebb tink haga Se tah ‘ bs 
Js Acai’ Pay aC Oe eer aan ies Tye ery ee oy 
Tt pig nL teat. al) ryat eRrerurrrry yore ty lara) meth) tee lee eae en eal 
rier P erty PRICE TT OP MT Ye ee Toe erercyTy ttre eer 
POLE FEY MALOU IER COS EST et ence ne bed See reat rapet ther 
Fe eT ee re Ln eal terete ial yy er 
Ot ote ee ee Trey or ees eC a ee PYV Ser yTete rae eee BP a ae - at 
SOT Pe ID ee Te 1 Se id har aaa Freer eter el ia aes 

Sele nr tic Ory rarer rar en eet Ete ee nd a een a ke OY pees ; 

pts PF RLM hT et ehir NODE ee Ts Tee ee to nl ae 


PE eS OTT WPT ete oe att tebe oe Pes prvneeeceret 
ri Jee Shakes c Pipe peer errant 


CO OMY Mer ey tr Ey teen ee eae SS ee tel oe r A P mY 
POR ITE EO ee TI TSN nT et let eetrearer arene ST es todas oe > - | 

| 

| 

WE) 









_ 









Ce ere ne Nort nete nes gap neers Pere oe So oe we atncaty tala hob 
Fo ACP RT aCe CIEE FE Ne ee ee ree ee a eee etd aia Aptilnd ert wNe ner rah et 3.4 A . 
PRP ys eT were Yee ee ee Oe ae To Ne eta dete brree ets £8 B2G > 8 Fy “- 
oye wy yee ee eee Pe) Re TUESeRe Tes Teer Ly a rt | ver «ery se: Hi 
PTET Care Per fey ee T+ ePaeearerter TT a ee Eee " = 














pre ATE ONTO At EAT Yee OL Te eT ee a Deere Pee ee ee Pye 7 
ne Oy A eer ee ee ee Le Fe alhehe Ree ey NT errs ta ere 7 
gi PTET DEEN eT eve TE ene Tee CY Fe Be ete ey eee ced Se AT asd & rae 7 
EHP ERT heen ee enone ee eae eee an ee laanene + anette ae" AS 
ene ee ee oe | ee Pe ere eS PT) eee} we A 
eer ye eC ee ierea net Picea wren ter try Tey «Ler eert ty) ik eee Dare : bs i 
Pb taht 3 Peer Te ee | Pe BG2bdHbH AS Bod A 14: RAD HES PLIOCAS dotacpet in aT é 
dg PRE AOI TT RTT ST ee ee ee) Oe ee ee ee ea oauenee ae — ha 
re Tee ee er ipaaanrnsiee Aat-% 6 eB ahede at Fe ” 
Prat rey Be eey ee POS DT We Bere lo eked! eon rr , PAC are ry wee ree) bab Se a 
ee fF ey ee ae WP - GorO pc Ok Sey et Pee ee ae) as? * Tie - 
errr ye) et en roe te Trew Sl ae ee er ee ee te ad ey ty 
Perey ty reer erwrtnryery et Pome Ty ec a eee eerrese rs ° ef 
7 

































































































































































































































































































































































































































































































































































thesL6425 
Optic 


i 


hh 
| 
| 


Hy ANT 
il | 
| 
| 4 | 
| | 


al laser technology. sp 


il 


768 000 7 


M1 


eci 


i 


DUDLEY KNOX LIBRARY 













































Te et Fda 
er Pronty w Titety t et er ty PR ery Cr ty ee a eee re ee c") oe = ry s a8 re . 
EEE A Ce Peete ey ME BL Fe PPE CPST tn ea el ren dade dete hn ie ee A Saeed e Fi r oat at Se 
eee en en aus Ce Se dee ek el iy vrer yy a Gee tree ys oe Pe vier a ere) 
Oy de we) Lal po eth tala teatintaseer-uar DE Aad 06 53 Poy Od BORO HOE OF > PTY eo OY ee : S 9 aki 's e P 
pepe rien ao mee ee te Pee ee te ee ee ee D I. 4 se 
Pere a Ls Soh Maoh PGA GeTehDO 2 PELE Obes She e he ee e \s 4 eu . sé 
Poy val eth ond coe eeann eo Ne ee ee ae meh et ee TTY: ry e Ar - e = 
EY OR ee ee Ce Tt ne Nel hed tar Galician ceed ae eaen tlek ald rhage eee td tae ata Fae Hd © ae° ‘a a 
Pe ere a ee ee aad ool eel > DIREC IF DAA? pho eeSrheersodiey f°) b Oaand &.207 erica A F - 
TRE eC TTY 7 rarer rey tt) eee tts) oe eens ee a ak rT Le wopee\ eer 2 A ¢ M + Cs 
Nee ee eee ce enn een eee edd het dhgeneren ead basldet reo" g da} 3 ees ir 5 
PT ea oe ae ee ea LT Be See ea ee S ea 
ee Pe Tey Oe ONT TT Pe te er dapertes de es) cf a Pa rn a; " 
£6 9 AGRLAP NC! PAPER DIES We tin WATE. 0 Lo Hee ee inal d heel odelieh eet Shaved ae ee, Tat td « I , s s . U 
Ja at Weieten omy nip BAe bihon ad Bhd SOT eee eee eee ne at Res dalienar ebatied oe i a at or eo =» @? 6 y 
Pre te a eons PRET R TTS oe eT Oe ee ol) ea ee 8 be i] ee f ad . 
AAO IE Bh al i > HO) OL atti Oe aka a0 8 £ a her ee , % 
eee ert Fe Ee ee Te ee) a ee OLAS ed eh ele a y a re . ‘ Ly 
PT Rear ere tetera? wT Te ere I PITT et rat Pll ee sek Owe Deed hk nehrgunep heen Gr hin ee eee “ or A Lala . nee 
PRE ee ene a re eenaanahab shod ss sn@te ate Se eh] cag thoes te, el ee Lt a é 
peer penny Ne Nr a Ty wr wr wr OT Ty Bremner nds gab inine lalewraaeeerhe Ce et me mee | (awe ly. U 
CUPP te Por Tl ef veh tet te ra Per rere err yee ee Na es oar ra ees | oe r Ss . , ra P) ry 
PO ROre erry MAE YEP UMEP IE PTET PT MRS TTL ras atk tretaah ed GF ar ihatedaerenn Jeti Meta oo a a ee ee ri wa Y 
RRP Ry ae amt rs HRI IE TT ere One One e enone meres rarer ne weer peat ra dees beer eee ton Tere ot ; 
Te nd | pre rne evra ira Trem wryey eter Wee ee ee) eee n-har 6 t TT ee pen pers +7 e 
PO ee ee ee ad Sad Oh as oth a tas mephindinste) Aad D atte tal nar | el a SA ee ee CS ee ee RS Ay) Le ee oe 
pr praece see Brier samen 0) Pry) eres Prd ee tee ais arveweduiane Roe ogee are) ae es ql 7b ere 
wah pnd AP Ese obo y CORA OIDAMAD RS econa tn Halo sy rented ae L) ee a i) 
ye are et a hy ee ee ti PPTtey ere eee Pert LT PT ae Ya ary ee? i ee Pee , Fs 
aye aoe er iter seem tore Pe Ed eles diene thy bei oes . So # tia Eee- ay. Se * : ‘ 
RPT AEP RAITT FG We PPP PTI D PL TOES Oe EE Poe eS Lene eal breed paertahinlen I aoa th Ae ala & oe ee 
ST errs ere rey Se ee tee ST ee hese ae Le arth rod pple lone damit ae a ae Pare ere meee ra 7 
: oer rre arian arreetin rer seer y: svar iy rte ert ee Thien ee gee a ey AC Ue Arar) a r 
UY Pe ee ee Cee eee Tenants At ye 2 an [pee dd io 7 * act ace Bi r 
A eee Cre eT TT AAR AARP IPNEML OOF CAD AA LB Ee ore ry ta td Se an] 
SS ee nd Leena a Leeper PrN POT pr renee ee at pea eer PON Arinte Viaareetog Ma pede t! rt 7 Tr Pre 2 aay . te ar , a4 
PT re ol te renee oe Pt ret re ee Ue rere Th eee eed Pr aL yh 
NO es dee ee eh oral ed al sal cal de eee Le ol dened ede Vitae is ee aaa oa A oe eo 4 te camtshe Cen ar) PY oa) i fa 
Tey PO Te ae Fe Ty er ee ee ee ed ed a eet ada teeed ee oo eae ok 4 rer ian hy rs ar Yt , pu D 
ae ea PPC ee ee ee ppp ree st 2 cont ala ahiion- tench LoL dead adie hal AS ade ry ry eee ote ee Yi a ane he 8 th 
Per ri errr er tee Pt ue ENN sek AyVis Pod-h rd, E02 M4 oer ae ra ee ot | . os eee a 
BT a eT eae aa 5 ee rer ee ae ee Si aibenaaind: ub laa . [Wie ache Ma tLe a rh , A 
we eer ire ere eo Pr atte ee el hee to TVA OG erwoas oS ne oe " s 
Peep et re ere at eg er rd LD giathdoseptah nie aoe 147 Pb uated ates ahaa sc thes cated a Lb date , i. . 
I oy eT ee eae Dee eter ee ee a ee : ee , eu " . c 
a dine gh-tendypeg ® Perry eer ees ee 7 ‘ wy ee eee yy eee ped 04 e Perr te tt) ee) a) oor.d te 
EE ee ee os percha ety ene or EMRE Metre err 17 SE hed otedrahakh os ao0% 0G o pe ane ese Re 9S GAlane ‘ C ~ - 
ee ey Le uO, OO RR HORM tens ghtet ann eel mn) teenerpny enn Sor Sabana pwede Lael Bal Le to Lic ee se oBerel sep s hee & . - oO -- 
pe FE 1 RE OY S A Pre eee tee ee ee ee pear et x Prev me rey yy yr tr er ae fy ew rey a | ee ee * daP n 
rer yr ta ah eri SLs Re iat ele eee ahs Le ed add Webb aheedab ah hil ote tee ee aes x a . a “4 
- Acct ind off 9h a Bahodte pad alt at of-2 BOI9 & OPE TS eT ee ee ae are DR ee a al al ead eer Nac ‘ i ; 
eee ut ee Se TT onl basta haeeiererdd ah each 2 aka Nee toe Pipes sha bode ‘eboignr® ; 
anes Par Pee ay OT OS enlid Pe ie et oe De penne ES | ae GF erp 
peer ere eS yi pee tenia aT LL PTT et ~ a a 
pprpeiepe nt Petty tet rae tee a ee las ree were ree yr ’ wa ao 
ee ea ae nl roll oe Leelee ch. ae rae ayer x Oe eet eee Ee eat A 
Papeete Se ee et ta) eee eed ate Pe etude he or ae a f 
erry Seer rere treme RET ea Nee cual tee eela ae ea dad PY reer e rene ly reer ety tres. 
Pre pre ne fy aor pee eae Pe ett St Pe | eo kedemeta tnd. Mh OF ohyt w 4.006 natant betas tame 48 ee) 
Ce a errr tT re Pd Pyrat ee ee Be eee sigee @ 
Peete BS Oe PE en ie ee es pO Se ere tts ae Crd 
‘ PP ei nN el aber dad BAG © Ben oF Hong 1 Oe TL i ee 7 
IEE SPC TE ONE PELE IN Ie IEEE Cn a ibe ter reed ae he ia eee ht ple el oes 
Pn sat aes ettat aA. 8 Ab fede mA? IAS dnt Renna oleshe nner ommh abe 09 Pa cit ey Pe es Ream 
r REST P fe me i eee erty YR tr eer ae TL id cee een e aepbrt age Ly eee tly. ot ae ie > “s 
Pa ego OP eile ae realest toe TS Shi Om OS Oe 
Pare ery ne nt ue ty wey et os Per Were OS PY a ee alia Depesisl Fus eat det ticineeel 
ery. Pet) eee ey Bd Ce et oie ents ata Tt) kad ane ray ae ae} r te ey 
peeyyr ener eee ree eee ee, fe es eae ie 5 ‘ - 
r Pe eT ere tle dnt tes tn echat oneal 
Fy a ON nl Secseprenertue peseeeerine 
oo J 
aro ner b ry oT Oy ny 
Le to a he ae 
says ul i ne eae 
ord cae, - Fi = 
cf ee eae ae Lg 2° ’ Bi n oa Si 
SS ennaiad « «hates. ay? ee ae aes = 
‘: - caetpmonts ert oe 3 C Fl a . 4 
PEPPY, eit ev ie ee tLe ak eed ak ce bes Sy ee So » « Ps ier Bek ry he sree tet! - - 
Pe) © Pk Ae 220" e, #) Y me she pee aT | Ee pt “age Ie i ° 
ere ey Ste te rr err va * . : Oh a ‘ 
ee ee ee ee eee : Li . 
eee TES Ly rd ods “CHS 
TT ee yd te ed : ck ed a 
Tere ero a ae oe Me! 
Beweyyey " a ry at ot 
rs" « ry 
A ‘ as 
ry a? ‘ Pay 
es, a : Ma 
4 ay a ary 
. i! ry : c 
cant A : F] 
eRe OT PCRS APIA Pe ae a re 
cht 28 ce eerie LV 353 Seatwee Sie US CRO tae : Wt 
ates eter Cert) Priore tae ee , a : ee 
ae rs Site ea See eer. a 
F 2 mast Neen ' ee aT 
ts? oe » We) tHe hs ny a] 
av oi F ot | # 
Pd re Sy » A 
t ee Colt Fy rh i CT 
ad ee ‘ Oo ‘ te. ” 6 
5 ; Pt a ry e “he & x cs a] 
ES per aT he A o ° 
A Pore Pr ttn OE bY oh Che sd are 
re a et rd bt Ls L 
2 ed tetas Sy . be 
oy wee ab te) ’ s 
¥ oe ] af 2a - ar 
Oi ie Seed be A ‘ Sa rr “ é 
Fut i bf bd “'% Ad Pd 
j io Pha) § ts, Fa . 
A s@ 
ry ee r 
nae e Ce 
hh * O - 
> ry 3 
@ adel wees , ? go 4 
eh Wee es 2 Se! Ph To | ' ch ~ ; 
= 7 0,52 * . eh ee ye o 5 Pr J fers aPC 
ry bs re A) * 4° 
eet erent rat ba oS Fei 7 
"9 ls he > Set a at Bre he diel ech atid x ; eee a er 
POMS et ha! oe wk oe eae ae . 
ik st beet 3 wr ty AS tat te ee bie he) 2 Seed PY s % 
Pion Tie at tte 1 Sohbet h Whi ae Rene Be ae eee Te i, Je | alae ba ly Si 
, ss an Poke Thr i tek, ema a* 8 VOD PELE * & i is 
ree Reet Rett y+ “i oooh eA or i iM 
ea | sat lage ng Mt , a F "op ny eh eras D 
a ee Oe ae SD at it alt aie Mie ria Ld OW dl ‘ *.° 3.9 a es ae 
a deg i ee eee STs ed bt ts ie haan hake te De a ieee ee rae 
. ie or ees eis ST eh ie ST ts ben he Lo eet! A Lead be . oa 5 Ls Pry 
= ee Lr OR bad betes es te gy BOE a OPO . f ra at 
4,8 er tora ts det pe OY aaa . of F n © ut ft 
Ser Teor tt ke Vee i ha ‘> °F or] aay ee ee Oo A 3 a 
oy Se eo tk role vee] : Oe ie p La os 9 3 "4 
Reem e are te Se ee er) yas Ky 5 H a 
j WES re as yy et Std er oldie 0 ean Th ° a D 
re tee a a Se i es Caled 7a telly, Co x . : 
Stopes tT TS Coole 8 be 2 . 
ee dott ee So oe Pe De a el. | bell ai ry a 
Pe o7 he 2 ex 
x i Sia tar ee Ts Bey a ee 
7 ae aoe thet] nies 
ieee ee Et et! se ee A) 
Slips bed thet redchaaa 455 bee a 
LT fede a ahd hee ea) Ce ee Pa e 
a hata Fy . a 
oe reeee ~ Pe Reg e* eg em hd Un ee) nF Cel F a 
us Leena 2c Heanere Saree. ecard es Cate Sats ete eee ol a Ae 
pe ae a ae he oan aa 5 ble 
eee AS Se eat cats Seen et bt . aed 4 a oe 
bbe dp Maeda t eh Se uae 
eT oe ee ah eked » ul v « F 
5 rT Ore wee ee EE NEEDS HOU OF of eerie 
Birt eerie tke Ce ee a ee ee eT ce ory er erie meen Fi Mar A ae) 
reryare? a hedadea Ch tah dat ded ee ne oe ee or eee YO © tes Oe rh a rn eer er | : SPE 
Pererey Poe sy et peetyiee rey art re DO iat ge, oe gl NY 1 get a’ * 
ere Lie re Lt tat. i er ra CL he ah LS te LE tel Ms PY a an] Ti) 
ee eh hd Ld ’ ce eb! = Pees ar re ae ee 
Pe hh ot et PP Sle ie od ie Port. a i} a) Ce | & ees : ® 
ry Te iss Rett ee ee ee al«qge ya ny ep aot Pa ye cat rt Pr an 
On 2 Ue Oe ot ee ee sk ewe 8s * 6 ae PA ar D 
Pei a OU OU. OO crsstters sere en Og Oe OO eh, Fe ae we Aim 8 Faire ae ‘iu He - 
So Se be Sih eh lili dr kab Sted Fa Fk eh el ee be hs Yh ath b Sen ee | =: he | t efe,e 5 & 
POTS Sr Ore ee el oc he bl lh He] 8 a re A C arc Par rant 
ee tah et 2h wbutegeessi rary! iT ry bo cs ® te | f 
ee Tt Ot LP at a a b @ ue e Ne Pe . LY 
tah ore p © arene totter es he) es | Cr Ca ee e @ear: Re a . a vee : N me A Pe ‘ a 
Pe ee tet eh a ie ee oe ke ee Haute Cae, a we ; ' wens Ce 
Ch se ee oot wy we an) ® ee ® i 
3 hon ati hal ear a Se eT is Se 
Per ere tt Cer ee cee te UL ah ahh db ah Aen -% er 
Perr res her nt een eee Oren Sb bas | . : bh ees PP 4 tela iS Ph ay a Y 
e eT OTT a eee Stn el ed ee ba be teh de &@e 8 hy a ae 
ory Br ee ee ee it bi ie he De a cs * ” 
esc CSS eee te ee Ee re he ce oe | ar 4 DANE 
OQ ree eR ee eehOle bs It TO Sh In hh? hd Che Rh eh ee ee i EY » & 8 wy 
ou fete mp ve | Ore wre i Ps a 7 
Perr Lee v 
he ee oe 4 lod ak hh al Be ee en] . es . 
Per ee ee) ee Bl 























ea traits to a) 
Nd Ate lita el Meh lta Os ee, Ce ie 
Le ae Sek bd a date tte a ee Del ell 

ee oe ok 


Sr a er OL hs ele Re hiked r 
Pe tet th Be eh idk beled emo Ge anes .b y 8 
er ha a cal a oe de he Sl et le 





“SB 6p te o 
bt. os 


























































































































































































Pye oe tld et ok hed DE LY Lh beth ae ok eh Neneh DMR. be beh Be aba 
Preeerorr ter tert Sone te Oi ee “ ht ier Sy Ek hed be eee ee yay Ar ro 
ery 2 oe Oe te Ce eo “« ny a) oe ae 4 Py 
ee hes ie i i ait | ae ha ee Dit ee BO ek os 
ee : Oe Sh el, ee il A k ee St ee 0 8 tte r Cr my eee D 4 
b> f Cre a el oh ok Bd Bat Te Fl UN al at ee het hh eee ee en a s or : a 
Ts a dd aed aie shh sihellben wey ee b pee ea chs dca lal Made ibe telat ted eh Ds oh Se Pat ar) re ee te PW ietace 
OE hat aie 1 he Re he J be hl 3 i es eh er i ee) ee eS et ar 
ee ere ok hd oe hl ees Pra oe a ie tt ee ee Po ete 8 A oer E 
Tt eh el Oe » é een e Ser ee ae 21% ee Ce a ry v ‘ 8 
Perera terri cot a ire Ste ie 0) ee dH ke ee - 
Vf wae 81 go ere O OAs OFEONG OF WRT O yee ort OG Fag IC 1a BL ee Ld Ws a eee 0 oe) m ae 
peeretor rrr tt at vee Ok he hl ee ane o Ok See hd ee i ok ee 2 PO ie oT i eB es @e-gts Pert) * Fy oe 
ayer i ets to COT eT hinted, heh Beha Patetiiadietah inh th Eh Mead adh Se el ae er 2 ve ar v t 
ny TTL LL Aa bb dbl hh Ma De he de ok th i ot eee eC ee Le ir “ car 5 % 
ee ie LL ee ee | oy ee rk Ok Sia et 2 ey i ’ 7 
Pr ee he eve tae te eo | . ray A ne ar 
Se tee Ba de be th he ak oi at ee es a Se rd wee a 
ora 1 ie hk ee i Se a rk St ott) cae a eC r Pes Gn oe a e ¢ Aa 
Wied Wert a cok’ EY 2) RM Ot Dad eh a i del ee a ae On ky i Ca 2 a) ® rs 
wi wet ab ene oe Perera (Acevad gdh. 3d4 betel yts Co] et ad en) VS Oh 2 | a ° ar 
AALS id aL tn Meehaheh fk ie pubtabL Made nedh eithrbrhch A Nt die Ji i dp . CTI os ee. ae Ce ee OP es ee a r AC 
Ah el etyse ewe yw e OF aad ‘ Ck hae oT) ay er ks § oa A “ 
Boy Mowry CE TELE TOETE Swlal yes bh det ll, ie Lh ah bie La MS eee Re be ci ? ® 
oy eer th tt ee SO Oe Car ks le ih Re ke ee eT) ® Tn ® 
Ol a, nae kal td ee oe Oe ee Doe aah Ina Pech ee Es far ny A rs 
ack th och da 2X An ek Rk Parte habe Re ee “s oS MS ob at 7 re re 
Gj we esters OR ptowereki y Ales weed raig! . Fi lhe Sil Meth, Medindia v4 J oan s 
errr rye tre ee nd he Po ott eS “PT'cr ti 14 oh te Ak fet de Ba 2) Me ul spol : i aa ye 
Searyreer et ta fo) tt We to a) Pe Tt oie tal ew oe ee ete ete & of eut wee 4 
Per bios ee tk tt ta on td Dd de 2h hd Ci eileen ae he] ewes 5 ee ee fae ae ok ete. 5 i Py 
POPPY ced ut bias ta Sa Re ee Det el a SE ae ; ih td i Ak, Bk hed ik ; a ewhi av ee A 1 ° 
eer tenner tr hr af Titter er are Oe me ek a kk ae Ye tr ee - S 
ra ee ee Peery tl We a tld Pe ek LL oe! he Rl ek ee le « ov e Pry 
rte ti lakh th ald Ce i  ) de a ee ke ed ‘oh Se sah 2a, I en ae 1 Oe ee a Se vv.t @e r a P 
SVE yee bet bere fere i i i ahae Ag Se aL a Raa ta Pete ee me Sha Tt ee i | uy 7 a) , ee | 
Pkb hh Sh (Pees teak om oe e ede a oye wre em Coy Ae ie ae a 
rt te a ee a ke Be Bd CL ddiet & TOO ROY RET EP Hee \ ay r 
) a A ea ave tl i ee es ary a ae re 
erry th ah eo) ta to PTET) ka 0k to A 2h ak Sm kd UCD WETTED Viw-t 2 € r wees a & ' 
Welw Wid ene lobes owes res be Are en A ty ave . ed Ba ‘ty ae ‘ 
ty Teton tat ohana Lb ar eee. sre et 8 + eenabes er e 
Pa) TT A Se ne a kk J ee ae ee 
“ov Poy tite Od th ee ee ee nk Se . y “ a h oe 
y rarer a ka) OT Talay eee La coi RL oh La wea bbs “2 es ee - 
mere 20 9 Ca aye J here vroturwies OTE genre array wie yard eek Ey cert yl ae oe wee "He P 2 é A 
Wert tte th ae le ae Oe ¥ bi dee ae i . ‘eaeer a I ts : ‘ 
Mees a oe ee he ee a i. ee i ce kd te ic rn A bd 5 
peer eee i rey: eh Oe Tha) of 0 Ul eee OT gt ty Den we eee Lo a ey are a Py yi = 
wre*enavirs ra td ud Pare TST) Yo ck ol el ee oh Ue a. ie Be) P ar ‘ 7 
res eri ok ahhh TM oak te ae a eC MD, Re A A bukrar La 
A) tre he ee bat! gedeu Er POSE matte ek ee a eg 'atee i i = * 
oe tht a) eh ae ae de aoe’ y r sik Al Wh Sd fei oh eek OLA @°@* beara ie a " 
TT Ol ks td bee ee de Le eo | ’ tA Lik hed de Sat ah A ed 2 ke to ee Ok A re ot ae *. , 
Petes anmons aren en a yee rrr) EM a a we Te ae me he of SY he dee De ok, Bo Pr eae aL ie . 1 is : 




























= 











